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Over the past several years, broiler production in Oklahoma has been rapidly
increasing. According to. the Oklahoma Department of Agriculture, Agricultural
Statistics, in 1987 broiler production in Oklahoma was approximately 90.6 million birds.
This number increased to approximately 197.4 million birds in 1997. Although this
increase in production is good for the poultry industry, some would argue that it is having
an adverse affect on the environment. 1bis potential environmental hazard is caused by
the increase in the broiler litter produced. Broiler litter is a mixture of broiler manure,
soil, feed, bedding materials, and feathers. According to a report issued by Winrock
International Institute for Agricultural Development, the average broiler produces two to
two and one-half pounds of litter during its lifetime.
This unavoidable byproduct ofbroiler production is treated as a waste, not a
valuable commodity, and thus creates a public externality problem. However, there are,
no inherently toxic or noxious components in litter. Pollution from litter occurs from
improper distribution and excessive application rates. In Oklahoma, animal waste
nutrients are a major concern in the phosphorus threatened watersheds (Lake Eucha,
Illinois River, Wister Lake). Excess poultry litter is being applied to fields in these areas
causing increased phosphorus leaching into ground and surface waters. Litter is being
over applicated because producers are using litter primarily for its nitrogen value and
ignoring the fixed proportions ofother nutrients in litter. If the market for broiler litter
can be made more efficient, it could contribute to the solution of the perceived
environmental pollution problem.
The inefficiency in the broiler litter market is demonstrated by the wide variation
ofvalue and cost at different locations. It appears that litter has a significantly greater
potential value tan is currently being realized in the market. Research needs to be
conducted on broiler litter in prder to categorize each component of broiler litter
according to those that add value and those that decrease total value.
The timet place, form, and assembly functions are other constraints related to the
value of broiler litter. Assembly ofbroiler litter consists of combining the litter from
different farms into larger units for sale. This leads to increased storage, transportation,
and processing costs which will then be passed on to the consumer.
With the environmental issues occurring, it is important to provide as much
information on the market solution before policy decisions regarding broiler litter are
made. The externality due to the environmental issues creates a market failure. A market
failure occurs when marginal social benefits do not equal marginal social costs in order to
maximize the social net benefits. The failure creates a difference between the private,
costs and the social costs. Figure 1.1, taken from Kahn, illustrates an example of market
failure due to an externality. The production of litter generates costs to the producer of
labor, land, capital, etc. These costs can be classified as both social and private. Litter
producers respond to the private costs and price while litter consumers respond to social
benefits and price. The market will create an equilibrium quantity (Q1) where marginal
private benefits are equal to marginal private costs. This equilibrium level is greater than
where marginal social costs equal marginal social benefit. This is the socially optimal
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level ofoutput (Q.). Between these two output levels the benefits of litter are less than
the costs associated with litter. This excess cost which is associated with pollution
generated by misallocation of litter, is not bome by the producer, but by society as a
whole. The regulatory solution to this problem implies a need for reduced. production
and increased price.
If litter can be properly allocated, not only will it not have an extra cost associated
with it, but it will have value. Properly allocated broiler litter to improve the market will
increase the marginal private benefits and decrease the marginal social costs. Figure 1.2
illustrates the impact of proper litter allocation. The unrealized marginal social benefit of
properly utilized litter should exactly offset the potential marginal social cost of
misallocated litter. The marginal private benefit (MPB) increases to equal the marginal
social benefit (MSB), therefore MSB = MPB'. The marginal social cost (MSC)
decreases and the marginal private cost (MPC) increases to a point where they are equal
(MSC'=MPC'). The implication of this shows that there is a smaller decrease in the
quantity allocated and an increase in the private value of litter. The output quantity will
decrease from quantity 1 (QI) to quantity 3 (Q3) and the price will increase from price 1,
(PI) to price 3 (P3). Without improved allocation, the reduced production would be from
QI to quantity 2 (Q2) and the price would increase from PI to price 2 (P2). Depending
on market changes, improved allocation should change the quantity somewhere in the
bounds of Q1 and Q2. The closer Q3 becomes to Q I, the greater the potential for an
improved market. Proper allocation allows the industry to continue its production but
still increase the value of litter in the market place.
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The Case for an Enhanced Litter Market
Broiler litter has value for a variety of different uses; therefore, there is an
increased opportunity to enhance litter allocation and its use.
Ifcreating a more efficient market can show that there is more value in alternative
uses for litter than in the current uses~ it is possible to increase the movement of litter
from its production sources to farther areas and other uses. It is unclear the extent to
which a market solution will impact the environmental problem. There are many
obstacles that must be overcome in order to improve litter allocation and use. One
possible obstacle is the proper valuation of the product according to its use. The vast
majority of litter is used for bulk application to land for fertilizer. In addition, some
market potential exists for litter use in high-value niche markets for processed compost
products. Other possible uses include using litter as an aI1imal feed ingredient or as a fuel
source for energy production. Another is maximizing litter value to the end users through
the time~ place, and fonn functions.
Valuing raw litter is difficult. Chemically ~ broiler litter is not stable and its
components vary both in quality and quantity over different locations and time periods.,
It may need to be tested in order to reduce some of the uncertainty that exists about the
quality and also to obtain the best use for each batch of litter. Definitions ofquality may
also be dependent upon what the end use will be.
Currently, litter is difficult to move over long distances economically. There is a
lack of facilities and equipment for an assembly function, which would accumulate the
Litter into a centralized location. This central location would facilitate more efficient
transportation. It is possible that there is a need for better equipment for clean outs of the
4
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broiler barns, for hauling litter loads, and for loading and unloading the litt r. B tt
equipment could help provide a year round available supply oflitter.
Because litter is chemically unstable, it must have a storage function that includ s
processing to reduce moisture or create some other type of stability. Some processing
options available include composting, ensiling, and drying, either by pelleting or some
other means. The important thing to remember is that all of these functions must be
considered together in order to determine the feasibility. This venture is relatively risky
and therefore should not be undertaken by smaller operations, but by larger fions that
have more resources to invest.
The potential for an improved broiler litter market and increased profits exists. In
order to accomplish this, however, there is a need for specialized equipment for loading,
hauling, and storing the litter. It will also require an entity with the resources and
capability of sorting the litter and targeting multiple markets. An industry, such as the
commercial fertilizer industry, with the market structure already established could
accomplish this. An unfortunate obstacle, however, is that currently no one wants to
assume the risk.
Objectives
The general objective of this research is to provide non-economists with an
economic framework to understand the potential for an improved litter market through
better litter distribution and utilization.
Specifically, this research will identify and explain factors that affect the broiler
litter market. These factors include the quantity and quality of litter market infonnation,
management issues, infrastructure complications dealing with handling, storage,
5
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transportation and processing issues, and finally, the legal and regulatory background in
the poultry industry. The impact each of these factors has on the quality and quantity of
broiler litter produced in Eastern Oklahoma will be determined. In addition, this research
will attempt to assign a value to broiler litter based on the value of its substitutes.
6
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The purpose of this review is to discuss the marketing options available for broiler
litter in the United States, focusing prin)arily in the major poultry producing states. It
I.
also looks at which options benefit producers and consumers the most.
Many of the articles reviewed look at the nutrient content of broiler litter
compared to commercial fertilizers and other types of animal manures. This review will
begin by examining the variability ofpoultry litter, various treatments used and their
effects on the nutrient make-up of broiler litter. Finally it will look at potential uses for
broiler litter in Oklahoma and the surrounding states.
Poultry Manure Variability
Poultry manure has been found to be the most valuable animal waste for use as a
fertilizer (Mitchell). It is divided into two different types: (a) caged layer litter and (b)
broiler litter, which includes pullets, broiler, and floor layers. In one year more than one
million tons are produced in the United States. The typical amount of plant available
nitrogen (PAN) in broiler litter is approximately twenty-four (24) to twenty-six (26)
pounds per ton (Gilmour and Gale). This is enough waste to fertilize more than 270,000
acres of farmland at a rate of200 pounds of nitrogen per acre (Payne and Donald).
In Alabama, there are 735 million birds produced by the poultry industry per year.
This results in approximately 1.7 million tons of litter per year. A nutrient analysis was
done in Alabama on the two different types of manure to show the make up of both. The
composition was highly variable due to moisture content, temperature, amount and type
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of litter, amount of soil in thelitter sample number of birds in'the chicken house number
of flocks since the last clean out,..and sto~e conditions ofthe litter before s ading. All
of these factors contribute greatly to the variability. This study was done over an II-year
period on 147 broiler houses. Table 2.1 shows the results. These results imply that each
ton of litter contains approximately 394 pounds of water, seventy-eight pounds of
nitrogen~, seventy-four pounds of phosphorus (P205), fifty pounds ofpotassium
(1(20), forty-four pounds of calcium (Ca), ten pounds ofmagnesium (Mg), and eight
pounds of sulfur (S). ~
In solid form, broiler litter has an apparent fertilizer value of approximately
$26.24 per ton. f However, this.valuation only accounts for major macronutrients such as
nitrogen ($13 .89), phosphate· ($9.18), and potassium ($3.17). It does not account for the
othel: variable components ofbroiter litter such as organic matter and micronutrients
(Wilkinson). In most cases, the valuation ofwhole broiler litter is extremely variable due
to these factors. Organic matter, the largest component of litter, is notoriously difficult to
value. However, the soil amending properties of litter are will documented and most
users acknowledge benefits from litter use that exceed expected nitrogen, phosphorus,,
and potassium results. Koon et al. found that litter produced by broilers with pine wood
shavings had a higher nitrogen content as the particle size of the litter tested decreased.
Not all producers, however, use pine shavings for bedding. I
A study done by Buckner, Martin, and Peter with the Kentucky Agricultural
Experiment Station in Lexington analyzed the droppings of laying hens. This study
consisted of a test on three groups of two-year old White Leghorn laying hens, with each
group containing 10 hens. Each group was fed a different diet. All were kept in a ]0 x
10
12..foot hen house. Group one was: the Dnly group allowedfie.e grass range each da .
abe other two groups were kept in their hOusesthroIIghout the experiment. All three
groups were fed a diet ofcom, wheat,...and buttennilk, daily. Two times each week they
were given cabbage, lettuce, or 'SOme other green foods. For the first six months, group
one and group two received an oystershell calcium supplement in their ration, whiJ f I
group three received nothing. After the first six months, group tbree began receiving the
oystershell in its diet as well, and groups one and two had the supplement withheld from
their diets. Samples were taken throughout the experiment and were analyzed to compare
the changes and differences in the litter nutrient content. In group one, when the calcium
was withheld., the droppings showed a decrease in the amount of insoluble matter in the
ash and as well'as an obvious decline in the calcium content of the litter. In group two,
there were not any: extreme changes, but there was a defmite drop in the amount of
calcium in the litter.when the supplement was not added to the diet. Group three did not
show any major differences until the supplement was added to the diet. Then there was a
marked increase in calcium percentages.
Litter treatments are used in poultry houses for many different reasons, including,
bacteria reduction, ammonia release reduction, and improved poultry ptoduction. One of
the treatments is applying aluminum sulfate (alum) to the litter. One company suggests
applying the treatment at a rate often percent (10%) by weight. In most cases, assuming
approximately 20,000 birds, the application rate would be two tons per house. This
treatment greatly reduces the amount of ammonia and the energy required to remove the
ammonia from the house. When the treated litter is applied to fields, a study done by Dr.
Philip Moore, Jr. of the USDA Agricultural Research Service Poultry Production and
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Product Safety Research Unit inFayette\'ille Arkansas cited by Medders showed that
there was an 87.'Ycl reduction in phosphorus in the runoff water. This is in comparison to
therrunoffwater offields spread. with untreated litter (Medders).
Litter Transportation. Storage, and Processing
Bosch and Napit reported that broiler production is highly oGncentrated in specifio
areas. Some areas in the country have more waste nutrients available than cropland
needs. This 'causes a need for transportation, which increases the cost of litter to the
consumer. In Virginia, hauling and spreading litter approximately 130 miles from the
point oforigin would cost more than the value ofthe litter itself.
Research conducted by Donald and Blake with the Alabama Cooperative I.
Extension Service found that the majority of litter produced in Alabama is within a
twenty-five (25) mile radius of the hatcheries, feed mills, and processing plants. If this
distance were expanded to a fifty (50) mile radius, the increased transportation and labor
costs would be approximately $2 million per year. One broiler complex containing one
million birds produces an average of 65,000 tons of manure annually. In order to apply
this amount to land at the rate of four (4) tons per acre, it would require 16,250 acres of,
land. To get the litter into other areas, the main cost incurred would be for transportation.
In order to carry nine to twelve (9-12) tons oflitter, a fourteen to eighteen (14-18) foot
truck bed is needed. This type oftruck is an average farm straight truck. A thirty (30)
foot open trailer can hold eighteen to twenty-four (18-24) tons, depending on the
moisture content of the litter. This type of truck is commonly used for hauling grains and
other bulk commodities. Hopper rail cars can hold up to sixty tons of litter, but this type
of transportation is uneconomical due to added trucking cost in order to get the litter to
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the railway. It is, important to' note that all vehicles should be -CO_ 'Cred ifbroiler Ii er is
being transported over one mile on state or federallymaintained roads or any other
public road (Donald and Blake). .J
Currently, the average transportation costs for a truck that can haul a twenty (20)
ton load of litter is one dollar per mile, round trip. Economically, litter can be transported
up to 100 miles for use as.a fertilizer and up to 300 miles for use as a cattle feed. This is
only if the purchase price of the litter is between $5.00 and $10.00 per ton (Donald and
Blake).
Due to the increased need for transportation, there is a need for litter to be
transformed into a more transportable form. A test done on the fractionation of litter (the
separation ofthe litter into various sized particles) shows that this may be possible.
Fractionation reduces the amount ofwaste that must be dealt with. By breaking down
broiler litter into smaller particles, there is a high potential that it can be pelletized
(Ndewga). The problem with this test is that it doesn't prove if it is economically
feasible to perform fractionation on all broiler waste.
Spreader trucks are commonly used to apply broiler litter to a field. There are,
also applicators, 'Orspreaders, that may be pulled by a tractor or truck across a field to
evenly broadcast litter, both in wet and dry forms. Regardless of the type ofspreader
used, to obtain the most efficient and effective use of litter, the equipment must be
calibrated properly. For spreader calibration, Payne and Donald recommend spreading a
plastic sheet or tarp on a smooth even surface in a test field. The spreader should be
driven at a normal speed toward the tarp to allow the manure to begin leaving the
spreader at a normal rate. The manure deposited on the tarp after the spreader has gone
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over it should be collected, into a buc et and weighed. This amount less the weight of
the bucket, is the pounds ofmanure applied. The procedure should be repeated three
times and then the average weight of the applications calculated Multiply this a erage
by 21.78 and divide by the square footage of the sheet to detennine the tons of manure
applied per acre.
There are many different processing options available for litter. One optionjs
composting. On an average, Confined Animal Feeding Operations (CAFO's) produce
more than 136 million tons ofwaste per year. This includes dairy, cattle feedlot, poultry,
and swine operations. Composting can convert these waste products into organic
fertilizers, soil am,endments, or potting media in a way that is safe for the environment.
As defined by Donald, Mitchell, and Gilliam, composting is "the partial decomposition,
or breakdown, oforganic materials by microorganisms such as bacteria and fungi.n
(pp.l) There are many physical and chemical properties that affect the composting rate.
Included in these are particle size and surface area, moisture content, carbon:nitrogen
ratio, and concentrations ofother elements such as phosphorus and potassium.
There are many methods and processes for composting such as windrows, aerated,
static piles, and aerated bins or chambers, among the most common. Windrows, the most
common method used, is simply putting the waste into rows which are periodically
turned. This method does not require a lot ofcontrol measures and is fairly simple.
Aerated static piles are like windrows only the rows or piles are stacked over perforated
pipes through which air is blown. This is forced aeration, which eliminates the need for
turning, but requires more control. Aerated bins use draft compressors or blowers to
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force air into the waste material and some must be mixed with mechanical mixers. It also
requires more control than the windrow method (Donald,Mit~hen GiHiam). pil
Another option in composting that is currently being tested at T<exas A&M
University Commerce, is in-vessel composting. This can convert animal waste into a
qu:aIity compost in as little as three days. This composter can be very beneficial tathe
poultry industry because poultry moI13lity (dead buds) may be included with the litter.
htter composted with 25% mortality was shown to contain 24.9% crude protein, 4% fat,
15.3% fiber, and~2% total digestible nutrients. When this was ~ompared to litter
compostedwithout mortality, the percentages were much higher in the 25% mortality
compost. This type of composting could greatly benefit the livestock industry, and the
environment (Cawthon).
With all ofthe different processing and transportation needs, there is a need for
storage to go. along with them. In Eastern Oklahoma, many broiler producers are
beginning to build sheds to store their poultry litter. One benefit of this type of storage is
the prevention ofnutrients leaching into the water supply when it rains. In this area, the
EPA is currently in a cost-sharing program with the farmers to help them get sheds built,
on their land. The buildings are 40 x 62 feet and can handle the cake-out from
approximately 86,000 birds. The cost is about $11,000, and that is including a dead bird
composter (Wolfshol).
There are many advantages to storing litter including increasing the flexibility of a
litter management plan. With all the variability in the cleanout of a poultry house,
storage facilities could be very beneficial. There are several types of storage facilities
including open stockpiles, covered stockpiles, bunker-type storage, and roofed-storage
15
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structures. Regardless of what ,type of storage facility is used, it is important that the
structure provide a place to keep the litter dry until it can be spread. Open stockpiles
allow for pollution of surface and groundwater from runoff. This type of storage win
require the producer to take more control measures in order to avoid polluti0n. The same
is true for covered stockpiles, although they are somewhat better tlLan -an open stockpile.
Bunker-type storage and roofed-storage structures are generally the most effective .in
preventing the entry of rain leading to pollution from nmotfwater. \
Most poultry vertical integrators deal with all aspects ofproduction. for their
contract growers except waste management. To transport broiler litter to the areas of
highly concentrated cropland, it will be necessary for integrators to get more involved.
Foster's study ofhog farmers showed that most of them consider waste to be a liability,
not a valued by-product. With this attitude, they have not been as concerned with the
economic and environmental aspects of waste management as they are with disposing of
the waste in the quickest, easiest way while still meeting any government regulations set
on them. According to Foster, many of them do not realize that the waste disposal
problem is a part of the fann profit optimization problem.
In Lancaster County, Pennsylvania, there has been recent success in recycling
manure by the poultry and livestock growers there. With the amount of livestock
production in this small area, the water quality of the Chesapeake Bay was being affected
by waste mismanagement. To combat this, local governments passed ordinances
requiring any fann with more than one animal unit (2,000 pounds) per acre to develop a
waste management program. Education of the fanners also became an issue and
approximately $4 million in state and federal funds has been allocated towards this since
16
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1985. By putting these plans into actio~ the pollutioahas been reduced and the fanners
are benefiting economically.
Summary
This review has attempted to show that there are many different options available
to the producers and conswners of poultry litter. Some of these options may be
economically viable, some may not. There is variability according location in the United
States. Over the past several years, the increase in poultry production has led to
extensive research on the management of poultry waste, as discussed in this review.
However, not much of this research has been conducted in Oklahoma. This study is
conducted for Oklahoma broiler litter and its current and potential market infrastructure
capabilities. The question that must be asked now is whether or not it is economically
feasible to have a broiler litter integrated waste management system.
17
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TABLE 2.1 Dry-Weight Basis Nutrient Content of Litter













A market is made up of buyers and sellers, both with the ability to communicate
with one another. The flow of goods and services from the seller to the buyer, or the point
of production to the end consumer, is what is known as the marketing process. In the
agricultural industry, the point of production is usually the fann or ranch. This is the case
in the broiler litter market. Transferring the broiler litter from the fann to the end user
will create time, place and form utility and add value to the litter.
Areas with high broiler production have more broiler litter than can be efficiently
and safely used within that location. Excess litter is transported to areas where it can be
used. The need for transportation adds place utility. Most broiler litter is available
during a relatively short time period during the year. Since some consumers need litter at
a different time in the year, there is a generated need for storage, which adds time utility.
The value oflitter for different cropping systems will depend on timely application
, consistent with field operations. Further processed product feasibility will likely depend
on having a reliable, steady, year round supply. Due to the instability oflitter, storage
could lead to a need for further processing in order to stabilize it. Processing adds form
utility by taking the raw litter and transforming it into compost, pellets, feed additives,
soil amendments, and so on. The time, place, and form functions of the litter market are
unavoidable and must be taken into consideration when determining the value of litter.
The current broiler litter market infrastructure, shown in Figure 3.1, facilitates
local distribution. In order to expand the market area, a larger, more complex
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infrastructure may be needed, adding more processing, storage, and transportation
options. Figure 3.2 illustrates a possible expanded infrastructure for the broiler litter
market. Like the grain industry, these additional functions are interrelated so that the
value of one depends upon the value of the others.
Expansion of the broiler litter market is feasible. However, understanding of the
quality attributes with relationship to alternative uses is vital. Managing the uncertainty
of the variable quality of litter is one prob.em in the market. There is a limited amount of
information available on values and quantities ofnutrients available in litter due to its
high variability in time periods and production units. Due to the variability, complex
organic structure, and the variety of potential uses for broiler litter, it may need to be
marketed through more than one market stream.
Ideally, a hedonic model could be used to determine the value of broiler litter.
This value would be a function ofall the attributes of litter.
(1) P =f(M, pH, EC, TN, P205, K20, Ca)
P =total price of broiler litter; M =moisture content of litter; EC =electrical
conductivity (measures total salts); TN =pounds of nitrogen per ton of litter; P205 =,
pounds of phosphorus per ton of litter; K20 = pounds of potassium per ton of litter; Ca =
pounds of calcium per ton of litter. However, as discussed in previous sections,
information is limited when dealing with the value ofeach component of litter, as well as
the quantities available in each batch. Due to the lack of data on litter value for different
qualities of litter, a quantitative hedonic approach is not possible. An attempt to
indirectly determine litter value is described in Chapter VI.
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Figure 3.2 Expanded Litter Market Infrastructure












Drying Composting Ensiling Other













According to the Oklahoma Agricultural Statistics, broiler production is
concentrated in four Oklahoma counties: Adair, Delaware, Leflore, and McCurtain.
These counties account for approximately ninety percent of broiler production in
Oklahoma.
In the beginning, a broiler house will have approximately six inches of bedding
spread over the entire floor surface. This bedding material is used to absorb the liquid of
the broiler excretion. Typical bedding material includes wood shavings, sawdust, rice
hulls, peanut hulls, and oat straw depending on the location. A total clean-out of the
broiler house is usually performed once per year. However, an intermittent clean-out
occurs after every five to six flocks. In between these clean-outs, after every flock is
removed, a procedure known as a cake-out is conducted. For a cake-out, a machine,
sometimes referred to as a housekeeper, is used to scrape out the top two to four inches of
, litter in the house. The dry matter contained in this material is sifted out back onto the
floor of the house and the cake-like masses are collected for removal.
The Oklahoma State University Cooperative Extension Service conducted a study
in 1997. A total of sixty-six Oklahoma producers and one hundred and ninety-two
houses were included in the survey. The majority of the growers used a cake-out process
in the house between clean outs as opposed to tilling in the houses to aerate the litter.
The average number of loads each grower obtained from an individual house during a
cake-out was seven and one-half. However, results ranged from four loads to fifteen
23
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loads. When total clean out was examined, twenty-five to thirty tnickloadsper house was
the average, with a range from six to one hundred and twenty truckloads. It was
estimated that grower used sixty-four percent of the litter as fertilizer on land they own or
rent and another five' percent as feed for cattle they own. Thirty percent was sold as
fertilizer and the remaining one- percent was sold to be utilized as cattle feed.
Quality
"
There is some uncertainty as to the amount ofquality variability in different loads
of litter:. Sampling litter is an option, but to date, it has not been done eKtensively so
there is no uniform sampling method. In an effort to establish a uniform method, samples
of broiler litter were taken using four different sampling methods. Method one was
random probe samples from inside the poultry house. For this sample, a stainless steel
probe with depth marks was used to take the litter samples form the floor and a clean
plastic bucket was used to hold and mix the samples. The process consisted of fifteen
core samples taken in a random pattern beginning at one comer on one end of the house
and ending at the other end ofthe house in the opposite comer. The probe was pushed
the entire depth of the litter to be cleaned out and then the sample was removed and,
placed in the bucket. Once all 'fifteen samples were collected, the litter in the bucket was
mixed and a composite of this wasrplaeed in a plastic bag to be sent for testing. Method
two was probe samples from three cross sections. For this method, the house was
visually divided into three sections, west, east, and center. Five core subsamples were
taken from each section by walking across the house. All samples were placed in a
bucket, mixed, and then a composite was placed in a plastic bag for testing purposes.
Method three was trench samples. This method required a trench dug with a shovel
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across the broiler house. The width of the trench was approximately the width oftbe
shovel and the entire depth of the litter was removed. The conten ofthe trench were
placed on a tarp and mixed and a portion was placed in a plastic bag. M thod four was
the Jackie Smith coffee can. The grower whose houses were being used in the testing
created this method. Litter samples were simply grabbed with a coffee can to the entire
depth of the house' and placed into a bucket. A zigzag pattern throughout the house was
used to collect seven to. eight subsamples. The samples were then mixed together and a
composite of the mixture was placed in a plastic bag. Table 4.1 illustrates the results
obtained from the samples taken and the means of each house and testing method. The
averages show that there was small variance between sampling methods. These results
illustrate the importance of having a random, representative sample of the house.
However, the specific method used to sample may not be critical.
In Delaware County, litter samples were obtained from several different farms in
an attempt to analyze the variability ofnutrients in broiler litter. There were 215 samples
ofpoultry litter taken during approximately a one-year period from September 1997 to
September 1998. Ofthose 215, 134 were samples of broiler litter. The samples were
,
sent to an independent lab and analyzed. The information returned was for the pH level,
the electrical conductivity, moisture content, nitrogen, phosphorus, potassiwn, and
calciwn. The main elements of concern for the purpose of this research were moisture
content, pounds ofnitrogen per ton, pounds ofphosphorus per ton, and pounds of
potassium per ton.
Statistical analysis was completed on the data to obtain averages, standard
deviation, and minimwn and maximwn values. (Table 4.2) The broiler litter samples
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were ranked four different ways. in ascending order, based on the areas !isted in the
previous paragraph that are of main concern to this research. Each rankin is split into
five different groups. This was done by using the mean and standard deviation for each
category that was being used to rank the samples. The groups in ~ch rankin total two
and one-half standard deviations, with. each group ranging onc~half'Ofthe standatd
deviation from low to high. An estimated price per ton of litter was obtained for each
sample using twenty-five cents pel pound {or price of nitrogen, twenty cents per pound.
for price ofphosphorus, and fifteen cents per pound for price ofpotassium. Table 4.3
contains the values for each group based on the ranking method applied. Detailed results
of each ranking procedure are provided in Appendix A.
Management • I
Management ofbroiler production to enhance bird performance also has an
impact on the quality oflitter produced. Litter quality can be affected by the type of
bedding used. the type offeed used, by the number of birds in the house, and by the type
of litter treatment being used.
Litter treatments are becoming more commonplace in the poultry industry.,
Companies are introducing what they deem new and improved products to enhance the
performance of each flock by reducing ammonia release in the broiler house. One of the
most common treatments applied is alum, or aluminum sulfate. Research indicates that
alum has two main benefits. It increases poultry production and decreases non-point
source pollution from field fertilized with litter. The nitrogen content of litter increased
when alum was used due to the reduction in the ammonia gas released. The use of this
type of treated litter does not affect the uptake by plants when the litter is used as a
26
fertilizer. Results also show that alwn treated litter has a, seventy percent reduction in
phosphorusnmofIcompared to nonnallitter (Moore, Daniel Edwards and Womack).
Another research study conducted on litter amendments showed that ammonia
volatilization was decreased by alum, ferrous sulfate, and phosphoric acid. These
amendments increase the available nitrogen and decrease the available phosphorus which
makes the treated litter more valuable when used as a fertilizer. In tum, there is a
potential for increased feasibility in transporting litter longer distances. Due to the
reduction in soluble phosphorus, the nitrogen requirements for a field can be used to
determine the application rate which reduces the need for commercial fertilizers (Hatfield
and Stewart).
Other management practices b~ing adopted are related to the availability of litter.
As noted previously, litter is usually available during a relatively short time period. Most
total clean outs of broiler houses are done in April or May. In an effort to extend the
availability period of broiler litter, producers are delaying clean out. A "roll-over" clean
out practice is being adopted by some. Producers are extending their clean out periods by
at least one additional flock. This will hopefully reduce the management pressures,
during the spring clean out and allow the haulers and clean out contractors to operate
more efficiently and effectively (Wimberly).
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TABLE 4.1 Sampling Method Results OD a Dry Matter B
House Method TN P205 Ca
1 Cross 74.6 93.0 67.7 79.9
1 Cross 69.8 88.1 69.4 60.4
1 Cross 73.4 88.4 66.0 65.4
2 Cross 77.0 78.8 65.2 (- 78.8
2 Cross 78.2 82.3 66.4 64.5
2 Cross 76.2 87.5 62.8 81.4
3 Cross 71.9 86.1 65.0 75.4
3 Cross 70.7 96.2 66.9 67.7
3 Cross 73.9 92.0 66.5 67.6
1 MeaD - 72.6 89.8 67.7 68.5
2 M~aD 77.1 82.9 64.8 74.9
3 MeaD 72.2 91.4 66.1 70.3
3 Trench 73.0 95.2 63.6 77.2
3 Core 82.4 95.3 63.8 78.2
3 Trench 72.2 92.5 68.1 66.2
3 Core 71.7 85.6 64.0 65.0
3 Trench 68.1 87.4 65.1 71.2
3 Trench 71.9 88.4 68.6 66.7
3 Core 71.4 93.9 65.1 59.1
3 Trench 74.2 86.2 71.5 58.8
3 Trench 73.0 79.3 69.8 62.2
3 Core 69.7 84.3 68.1 54.7
3 Zigzag 69.0 87.9 66.9 64.8
3 Zigzag 76.4 76.9 67.4 55.4
3 Zigzag 72.6 75.1 67.5 64.4
3 1. Smith 69.9 69.9 68.9 55.9,
3 J. Smith 70.6 70.1 67.4 48.7
Mean Cross 74.0 88.0 66.2 71.2
Mean Core 73.8 89.8 65.3 64.2
Mean Trench 72.1 88.2 67.8 67.1
Mean Zigzag 72.7 80.0 67.2 61.5
Mean J. Smith 70.2 70.0 6R.2 52.3
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Standard.
Element Mean Deviation Maximum Minimum
TABLE 4.2 Descriptive Statistics on Delaware County Broiler Litter
·Nitrogen 61.8 13.8 94.8 10.9
}
·Phosphorus 61.0 12.2 88.6 (.,,, 2.6
()
• Potassium 49.0 9.9 67.6 2.7
• Calcium 53.0 25.2 136.9 3.5
% Moisture 22.9 9.4 60.0 7.2




TABLE 4.3 Group Values for Each RankingMethod for Delaware County Broiler
Litter Samples*
Ranking Standard
Method Group Mean Deviation
Moisture A $38.79 $4.04
Nitrogen A 29.60 6.93
Phosphorus A 28.58 4.09
Potassium A 30.14 6.06
Moisture B $37.47 r $3.38
Nitrogen B 32.02 2.65
Phosphorus B oJ 33.30 3.91
Potassium B 32.34 3.18
Moisture C $34.93 $6.70
Nitrogen C 35.39 2.78
Phosphorus C 35.96 2.45
Potassium C 35.58 2.65
Moisture D ' . $33.67 $3.61
Nitrogen D 37.67 2.64
Phosphorus D' 37.30 3.84
Potassium D 38.51 3.02
Moisture E $30.89 $3.15
Nitrogen E 40.12 2.71
Phosphorus E 39.74 2.15
Potassium E 38.71 2.82




Lll,TER MANAGEMENT AND USES
Introduction
Broiler litter management has become extremely significant in recent years.
Improper management of this imJ)Ortant byproduct of broiler production can result in lost
profits to the producer and damage to the environment and water supply. Hauling.
handling, storage, and processing are all factors involved in the management of litter.
How each individual producer chooses to implement these elements has a ~mendous
impact on the quality of the litter as well as the environment.
Producers today have several options available to them for further processing and
sale of their litter. One of the most common uses for litter is as a fertilizer. Some
fanners apply raw litter to their fields. while others use litter that has been altered from its
original state, whether by pelleting or drying, or composting. Some companies in the
fertilizer industry are processing litter into a form the average consumer can use in their
hume garden. In. some cases such as this, producers can sell their litter at a premium to,
the companies involved. . ,
Another common use for broiler litter is as an animal feed ingredient. There are
some concerns with health issues when litter is added to feed, but if proper management
is maintained in the feeding the concerns are unfounded. Another use for litter, although
an uncommon one, is as an energy source. A few companies are already utilizing this
unusual source of fuel; however, further research is being conducted in order to gain the
most efficient use of litter as energy.
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Hauling, Handling, and Storage
Broiler litter handling is a vital component from hauling to storage10 th end use
of the litter. If improperly handled, litter can have adverse effects on the environment.
Value of broiler litter is greater if it is handled correctly and applied to the end use at the
appropriate time. t I
Transportation, or hauling, is a main factor in determining the economic
feasibility of broiler litter as fertilizer or feed ingredient The cost of transportation varies
depending on the distance the litter is traveling. In order to overcome the environmental
complications associated with over application of litter to farmland, some of the litter
must be exported out of the high production areas. To keep the costs low, most litter is
exported within a relatively small radius from the production points. However,
agriculture producers in a larger area can benefit from the attributes of litter. Currently,
the cost of transporting litter outweighs the cost of the litter itself. The most common
fonn of transportation is by truck. Cost estimates per mile for trucking can range from
twenty-five cents for short hauls to one dollar for longer hauls. A long haul is typically
one hundred miles or more. The cost of litter currently ranges from five to ten dollars per,
ton. Economically, twenty tons of litter can be transported one hundred miles if used as a
fertilizer and up to three hundred miles is used as a cattle feed ingredient. This estimate
is based on an asswned fertilizer value of twenty-two dollars per ton and a feed value of
forty dollars per ton. If litter can be hauled greater distances, the chances of
mismanagement decrease (Donald and Blake).
As discussed in a previous chapter, there are times when more litter is available
than is needed. This creates a need for safe storage of the litter until it can be used. Litter
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storage should he looked upon as an advantage. It can increase the flexibility of a Ii e
management plan. How the litter is stored is important to the quality of the littr and the
consequences it has on the environment. There are three main types of storage: (1)
temporary or stockpiling, (2) open storage, and (3) pennanent roofed storage. Protection
of litter from contact with rainwater or snow is the most important factor of storage. If
litter is left uncovered on the soil fOI an extended period of time, there can be a I!
significant reduction in the amount ofnitrogen that is leached into surface drains,
streams, or the groundwater supply (Fulhage).
. Broiler litter storage sites should be established on high ground with good surface
drainage. The area should also be free from flooding and at least one hundred feet from
flowing streams, drainage ways, and wells or other drinking water sources. In order to
control possible spreading of disease or fire, storage sites should be a distance no less
than 150 feet from production houses or any other dwellings (Collins).
When broiler litter is being temporarily stored, or "stockpiled", it ne d to be
covered with plastic sheeting and held in place with an anchoring system, such as old
tires. It is also important that the litter be stored on an impermeable base, uch as weIl-
I
compacted clay soil to prevent leaching. .Plastic ground liners are not recommended for
several reasons. Unless care is taken to remove all debris, rocks, and other sharp objects,
there is potential for the liner to be punctured, which would lead to leaching of nitrogen
and other nutrients. Also, the loose soil must be compacted to prevent tearing or
puncture. When the litter is placed in the stockpile, the plastic liner can become tangled
in the machinery and shredded (Collins).
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Ifpermanent storage is being established a concrete ground liner is recommended.
This type of liner greatly reduces the chances for leaching ofpollutants into the
groundwater as well as making equipment operation simpler. Once the litter is in place
it can be covered with plastic sheeting, reinforced silo covers, or a permanently roofed
structure can be constructed. A roofed structure requires minimum effort for continuous
loading and unloading when compared to other dry storagemethods. Although generally
more expensive than other types of storage, with proper maintenance and. care the
benefits will outweigh the costs (Collins).
Processing Options I I
Broiler litter can be further processed by several different means. The method of
processing employed has an impact of the quantity and quality of litter available for end
use. One of the most popular techniques is.composting. Composting is simply a
controlled biological'degradation ofan organic material by microorganisms such as
bacteria and fungi. The resulting product is stable and more economical to transport and
spread (Barker).
Composting is generally conducted under aerobic conditions. In order for th,
process to occur, several factors must be present. Moisture is required for the microbial
activity to take place. Initially moisture should be between forty- to sixty-percent. If it is
any lower, the rate of decomposition will be much slower. Another vital ingredient to the
composting process is oxygen. The air within the material should contain approximately
five- to fifteen-percent oxygen. To maintain this, the composting material must be
aerated. This can be accomplished by turning the material several times per week or by
forcing air into compost pile. Some systems may require a combination ofboth. The
34
temperature of compost should bemaintained at a range from 110 to 150 degrees
Fahrenheit. Although the bacteria associated with the composting process will stilhvork
at lower temperatures, the destruction ofpathogenic bacteria and viral organisms win not
occur (Donald, Mitchell, and Gilliam).
There are three methods ofcomposting that are generally-used: (1) windrows, (2)
aerated static piles, and (3) bins or aerated chambers. The most common methods used
for broiler litter, as well as all other animal manures, ilS the windrow or aerated static
piles. Windrows are rows ofraw material that are combined on the open ,earth surface.
They are generally three to five feet tall 'and ten to fifteen feet wide at the base. Aeration
is maintained by periodic turning with special purpose machinery. The temperature of
each windrow determines the frequency of turning. An aerated static pile is a windrow
that has been fonned over a perforated pipe that allows for air to be forced into the pile.
This type ofcomposting eliminates the need for turning. The aerated static piles can be
fonned on the earth's surface like the windrows, or they may be fonned on a concrete
base indoors as well as outdoors (Barker). ..
In some instances, the only processing broiler litter undergoes is a type of drying.,
One of the most common fonns of drying litter is by pelletization. I>ry pellets are more
convenient and economical when compared to traditional raw litter. The dry pellets are
easier to apply and can be broadcast more evenly through .spreaders than raw litter. A
study was conducted by Hadas, et al. on the pelletization ofmanure and its agronomic
effects. They studied the rate of nitrogen mineralization of raw manures and pelleted
manure in various water and soil incubation experiments. Results indicated that pelleting
ofmanure increased the amount ofnitrogen available for rapid mineralization in the litter
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and created highe concentrations of ammonium in the soiL However the authors 'Of the
study did note that the behavior ofmanure mixtures in the soil relatr e to;this {esearch
has yet to be studied.
Litter Uses
Broiler litter bas a variety of viable uses such as soil amendments composted
products, an energy source, fertilizer, and feed additives. The two most common uses for
broiler litter in Oklahoma. are feed additives and fertilizers~
For centuries, animal manure has been used as a fertilizer. Due to its high
nitrogen contertt, poultry litter is the most beneficial (Sloan, Kidder, and Jacobs). All
crops can benefit from using poultry litter as a fertilizer source (Edmisten et a1.). When
applied to growing crops, broiler litter has several advantages, but it also has several
disadvantages. Litter aids in the improvement of soil fertility and helps to increase the
organic matter of soils. By increasing organic matter, the soil's ability to hold water and
nutrients increases. Organic matter improves the aeration of the soil as well as its
structure. However, as noted previously, litter has high variability in quality and contains
varying amounts of moisture. When first applied, litter has an odor, especially the fll'st,
time it gets wet which can lead to complaints from neighboring areas.
Before broiler litter is applied to a field, the amount needed must be calculated.
The most common recommendation is to detennine application rates based on the
nitrogen needs of the crop and soil along with the nitrogen content of the litter. The first
step is soil testing. Results of the soil test will confirm whether litter is appropriate for
the crop. Comm.ercial testing can be done on Litter to determine exact analysis.
However, estimates for nitrogen on a wet-weight basis can be used. Organic nitrogen is
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estimated at 2.2 percent and ammonium nitrogen is estimated at 0.9 percent for total
nitrogen. estimate of 3.1 percent (Mitchell, Donald, and Payne). During the first year of
litter application, enough should be applied to equal two times the amount of nitrogen a
crop would need from a commercial fertilizer source. In following, the amount applied
can be reduced due to residual nitrogen in the soil. Researchers suggest that second year
application can be reduced to three-quarters ofthe initial amount. The third year,
approximately ten percent of the nitrogen will be carried over (Edmisten et al.).
Ruffm and McCaskey believe that fertilizer is not the most efficient use of broiler
litter. They believe it is worth four times more as a cattle feed ingredient. It is an
excellent source ofprotein, energy, and minerals when it is fed to stocker cattle and
brood cows. A potential problem when dealing with the use of litter as a feed additive is
the reluctance ofthe public to accept this use. This is somewhat surprising since the
majority ofconsumers will eat organically grown vegetables that have been fertilized
with composted litter. These vegetables can go directly from the garden to the produce
section of a grocery store. Cattle however must be removed from broiler litter feed at
least fifteen days prior to slaughter. In fact, in states like Alabama, litter is primarily fed,
to brood cows and stocker cattle, which are generally not slaughtered for public
consumption. However, litter should not be fed to lactating dairy cows since there is not
an opportunity for a withdrawal period to eliminate residues from milk.
In cattle producing areas of the Southeastern United States and Texas, broiler
litter has been used in feed for over forty years with no adverse effects. Over twenty-two
states currently have regulations that pertain to the use of marketing litter as a feed
ingredient. Processed litter that is sold commercially as a feed ingredient has specific
37
,
quality standards it must adhere to. However, these regulations do not apply to litter tha





Broiler litter has value for a variety of different uses. Ideally, the v ue of litter
should be a reflection of its components. As discussed earlier, the nutrients contained in
broiler litter vary from one sample to another and are affected by several factors. Due to
the complexity of the organic makeup of litter and the diversity ofuses for litter, it is
difficult to value.
Potentially, broiler litter can be used for fertilizer, as a soil amendment, as a feed
additive, and in some instances, even as a source ofenergy. The value placed on litter
needs to reflect all of these uses in order to obtain an efficient market. The most common
use of broiler litter, however, is fertilizer, which is what the model introduced in this
paper will focus on. The nitrogen, phosphorus, and potassium (N-P-K) value of litter,
based on average composition, should exceed twenty dollars per ton. Not all users need
N-P-K in the proportions found in litter and may ignore some components. The
,
phosphorus accumulation in soil in some areas suggests that users my be using litter
almost exclusively for its nitrogen value.
Model and Data Sources
The objective of this model was to obtain a value for litter based on its value as a
nitrogen fertilizer. Direct valuation is not feasible due to lack of data. Instead, a nitrogen
fertilizer derived demand equation is used.
(l) Qf=f(Pf, Po, Pi)
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Qf= quantity of fertilizer; Pf=price offertilizer Po =price ofoutPuts· .Pi =price
of other inputs. In order to accomplish this, data was gathered for each ofthe seventy-
seven counties in Oklahoma for the years of 1987 throu,gh. 1996, a period of ten years.
The total number ofobservations was 770. Information of fertilizer demanded in each of
these counties was divided into tons ofnitrogen (N), phosphorus (P205), and potassium
(1(20) was used. The quantities were derived from commercial fertilizer sales data and
aggregated into total N, P205, and K20 used per coun~ by Dr. Phil Kenkel, a professor
ofAgricultural Economics at Oklahoma State University. Additional data included the
total land in fanns, cropland, and irrigated land in acres per county. Using the
assumption that prioe will affect a fanners decision to plant a certain crop and the amount
of crop planted, the yearly state average prices for the major crops in Oklahoma were
obtained from the Oklahoma Agricultural Price Summaries. The crops used were wheat,
alfalfa, corn, and calf prices. Fertilizer prices were used for nitrogen, phosphorus, and
potassium (N-P-K). For the purposes of this study, the yearly average of the south
central region of the United States for anhydrous ammonia was used for a nitrogen (N)
price. The price of a fertilizer containing only phosphorus (P205) and potassium (1(20),
was used as an aggregate price of these two nutrients due to unreported data for specific
fertilizers for each nutrient in the south central region during the ten year period.
Since litter value data were not available, a dummy variable was created for each
of the highest broiler litter producing counties in Oklahoma, which are Adair, Delaware,
LeFlore, and McCurtain. This variable was created based on the assumption that
counties with higher litter production would use less commercial fertilizer since litter is a
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substitute for fertilizer. Table 6.1 shows the name of the original variables used and their
definitions. d
For the initial model, only the quantity ofnitrogen was used as the dependent
variable. The quantities ofphosphorus and potassium were not included. The
independent variables included the prices of wheat, alfalfa, com, calves, nitrogen and the
aggregate ofphosphorus and potassium.. Another independent variable was created by
taking the ratio of cropland to land in. farms for each county. Finally, the dummy variable
for the high litter producing counties was included.
Ftesults '.
Analysis of the model was done using the statistical software package SHAZAM.
Basic statistics, such as mean value and standard deviation, were obtained for each of the
variables used (Table 6.2). The estimation procedure used was the method of ordinary
least squares. An analysis ofvariance table, a goodness of fit test, and the lagrange
multiplier test for nonnality were completed for the data. The initial results showed, as
expected, that the prices of wheat, calves, nitrogen, and phosphorus and potassium were
significant along with the cropland to land in farms ratio and the dummy variable. An
unexpected outcome was the significance of com and its sign, since com is not a major
crop in most of Oklahoma's counties. The variables that were not statistically significant
were dropped from the model.
An adjustment was made to the cropland to land in farms ratio in order to reduce
the numbers for scaling purposes. Further adjustments made to the model included a
division of the quantity of nitrogen used by the total acres of land in farms for each
county. This was done to account for the intensity of nitrogen use on land that was only
41
,
used for agricultural purposes. The price ofnitrogen was also dropped from. the model as
a single variable, but the prices of wheat, calves, and com were divided by the nitrogen
price. This was done to account for how much the commodity prices changed in
relationship to the changes in the price ofnitrogen. In an attempt to account for the
significance of com price, com production acres for each county in the specified time
period was added to the model, along with wheat production acres. Both variables were
divided by cropland acres for each .county to represent the wheat and com acres as a
percentage oftotal cropland.
The com production acres did not have the expected significant impact on the'
com price variable. Since it was not statistically significant, it was deleted from the final
model. However, the wheat production acres variable was significant, which was not
unanticipated since wheat is a major crop in Oklahoma. Wheat price/nitrogen price, calf
price/nitrogen price, com price/nitrogen price, phosphorus-potassium price/nitrogen
price, croplandlland in farms, wheat acres/cropland, and the dummy variable for litter
counties were the independent variables included in the final model. Table 6.3 lists these
variables and their defInitions.
The addition of the wheat production acres variable had a significant impact on
the existing non-normality problem. The model was analyzed a second time using
ROBUST estimation in order to correct for the non-normality of the model and a third
time using a maximum likelihood estimation to correct for heteroskedastic errors. The
correction for non-normality was consistent with the ordinary least squares estimation. It
strengthened the efficiency of the model, while the correction for heteroskedasticity did
not. The maximum likelihood estimation was inconsistent with the ordinary least square
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estimation. In all cases, the dmmny variable changed, but was still significant to the
m~. f
ROBUST, using a least absolute error estimator was chosen for the fmal analysis
of the model. Table 6.4 lists the estimated coefficients, t-ratios, standard deviations, and
means for each variable in the model.
To understand the implications ofeach parameter estimate, the partial derivative
must be taken. Assume there is a ten-percent increase in the price of wheat with all other
variables constant. The mean of the wheat price is $3.41. A ten-percent increase would
result in a price of $3.75. Divide this price by the mean of the nitrogen price, $203.50.
The new wheat price/nitrogen price ratio is 0.00184. Subtract the original mean for this
ratio, 0.016965, from the new ratio to obtain a value of 0.00146. Multiply this number by
the estimated coefficient for wheat price/nitrogen price, 219.53. The result is an increase
in the dependent variable, nitrogen quantity, by 0.321 tons per one thousand aC.res.
Multiply by two to obtain 0.642 pounds per acre. To continue further, divide this number
by the mean of the cropland to land in farms ratio, 0.43990. The result shows that a ten-
percent increase in the price of wheat would increase nitrogen use by 1.46 pounds per
acre.
The same process can be used to determine the implications of an increase or
decrease in the other variables in the equation. The estimated coefficient for calf
price/nitrogen price is 12.783. The positive sign of this coefficient shows that an increase
in the calfprice will result in an increase in the quantity ofnitrogen used. The rationale
for this resUt is that an increase in calf prices will cause producers to increase their cattle
production by applying more nitrogen to their pasture land to increase grazing potential.
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The cropland/land in fanns coefficient, 23.969 and the wheat acres
planted/cropland coefficient, 7.7249, both have a positive sign. Therefore. ifcropland or
wheat acres planted increases, producers will hav.e more land in production and will
consequently use more nitrogen.
The com price/nitrogen price is another variable that should have a positive
coefficient; however. it does not. A possible explanation for this is that in Oklahoma,
com is a minor crop. but it is used in cattle feed. Cattle are a major product ofOklahoma.
The negative sign oithe com price/nitrogen price coefficient may be reflecting the
impact ofa change in the com price on the price of cattle feed. An increase in com price
would increase the price of cattle feed which could potentially cause producers to
decrease cattle production. This in tum would cause a decrease in the nitrogen quantity
used.
The estimated coefficient for the phosphorus-potassium price/nitrogen price has a
negative sign, -9.6449. The basic assumption is that agricultural producers will use a
commercial fertilizer that is a combination ofnitrogen, phosphorus, and potassium.
Under this assumption. phosphorus and potassium are complements to nitrogen. Thus, an,
increase in phosphorus-potassium price will increase overall fertilizer price and therefore
decrease the use ofnitrogen.
The basic assumption this model makes is that the broiler litter produced in each
county is staying within that county. It also assumes that no additional litter is being
imported from surrounding areas. Based on the results of this model. the value of broiler
litter as a fertilizer can be obtained. Broiler litter is typically valued based on different
criteria than what this model has attempted to do. With this method, litter is valued based
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on the total value ofnitrogen fertilizer not used due to litter production in Oklahoma. To
derive this value, the estimated coefficient of the litter dummy variable, -3.2747, was
multiplied by the total acreage for land in farms for Adair, Delaware, LeFlore, and
McCurtain counties, which was divided by one thousand (Table 6.5). That equals
3,769.45 tons of nitrogen per thousand acres that is displaced by broiler litter production.
Next, that number is multiplied by the mean of the nitrogen price, 203.50, to obtain the
total value of the nitrogen fertilizer lost. This value, 767,082.05, is then divided by the
estimate of the average total tons of litter produced in Oklahoma for 1987-1996, (Table
6.6). The result is a litter value of$4.88 per ton. As noted in an earlier chapter, litter is
currently sold for five to ten dollars. The estimated value of litter from this model is
comparable to the actual values.
Conclusions
The estimates of this model was carried out in several different ways. Different
variables were included and excluded from the model each time. The dwnmy variable
used for the purpose of litter value estimation ranged from -2 to -5, depending on which
model specification used. Therefore, the value of broiler litter could potentially range
from $2.98 to 7.45.
These results reinforce the conjecture that litter is currently being used and valued
primarily for its nitrogen value. The results also suggest that considerable potential value
is currently not being realized and that a more efficient litter market could result in
substantially improved litter allocation and reduced environmental impacts.
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TABLE 6.1 Variables. Used in Fertilizer Demand Model And TheirDefi itions




WHTP Annual average wheat Oklahoma Agricultural
price per bushel Statistics, various years
ALFP Annual average alfalfa Oklahoma Agricultural
price per ton Statistics, various years
CLFP Annual average calf price Oklahoma Agricultural
per hundred weight Statistics, various years
CRNP Annual average com Oklahoma Agricultural
price per bushel Statistics, various years
NP Regional annual average Agricultural Prices Summary,
nitrogen price per ton various years
PKP Regional annual average Agricultural Prices Summary,
phosphorus and potassium various years
price per ton
NQ Quanti~ofNitrogen used per Tonnage Distribution of
county in tons Fertilizer in OK counties
LIF Land in Farms in acres 1992 Census of Agriculture,
CRPLND Cropland in acres 1992 Census of Agriculture
IRRLND Irrigated Land in acres 1992 Census of Agriculture
DUMALL Dummy variable for high litter N/A
producing counties
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TABLE 6.2 Mean Values and Standard Deviations for Fertilizer Demand Model"















*all variable definitions and their respective units of measure are presented in table 6.1.
,
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Quantity of nitrogen used in tons per
thousand acres of land in farms
Annual average wheat price per bushel
divided by nitrogen price per ton
Annual average calf price per hundred
weight divided by nitrogen price per ton
Annual average com price per bushel
divided by nitrogen price per ton
Regional annual average phosphorus and
potassium price per ton divided by nitrogen
price per ton
Ratio ofcropland to land in farms per
county in thousand acres
Percentage of cropland that is wheat acres
Dummy variable for high litter producing
Counties
,
• all variables are observed annually for the calendar years 1987-1996.
ufor sources ofvariables see table 6.1.
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TABLE 6.4 Estimated Coefficients, T-Ratio ,andSummary S tistics for Combined
Data Variables·
Estimated Standard
Variable Coefficient T-Ratio Mean Deviation
NQl N/A N/A 8.7424 8.3571
WHTPNP 219.53 2.182 .01697 .00247
CLFPNP 12.783 3.582 .44418 .11632
CRNPNP -527.4 -3.59 .01332 .00133
PKPNP -9.645 -2.49 .86199 .12190
CRPLIF 23.969 16.18 .43990 .14463
WHTCRP 7.7249 10.71 .35620 .30563
DUMALL -3.275 -4.48 .05195 .22207
·all variable definitions and their respective units of measure are presented in table 6.3.
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TABLE 6.S Land in Farms for High Broiler-Litter Countie' in Oklaboma
Land in Farms Band in Fa.rms




















TABLE 6.6 Broiler and Broiler Litter Production for Oklahoma, 1987-1996
Broiler Production Broiler Litter Production


















On May 20,1998, Senate Bill 1170, also known as the Poultry Bill, was signed by
Oklahoma Governor Frank Keating. Effective on July 1,1998, this bill had serious
impact on poultry producers and users of poultry litter in the state. Senate Bill 1170
defines a poultry feeding operation as "a property or facility where the following
conditions are met: (a) poultry have been, are, or will be confined and fed or maintained
for a total of forty-five days or more in any twelve month period, (b) producing over ten
tons of poultry waste per year, (c) crops, vegetation, forage growth or post harv,est
residues are not sustained in the normal growing season over any portion of the property
or facility."
The bill requires every poultry feeding operation to have an animal waste
management plan. This plan must include a description of poultry waste handling
procedures and the type of equipment that will be used, the calculations and assumptions,
that are used to determine the application rates to the land, nutrient data analysis for soil
and litter testing, and a legal description of the land for application. The land application
rates of litter are to be based on the available nitrogen and phosphorus content of the
litter. The rates should provide control for runoff and erosion for the conditions of the
land. All procedures in the animal waste management plan must ensure compliance with
adequate waste storage. Litter cannot be applied to saturated ground or during rainfall. It
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also may not be applied to frozen ground unless it confonns to the management plan.
Application ofwaste or litter to land that is subject to excessive erosion is forbidden..
Poultry feeding operations must also employ best management practices (BMPs)
which meet the conditions and requirements of rules established by the State Board of
Agriculture. According to criteria for these practices, no poultry waste shall be emitted
into waters in Oklahoma and stored poultry waste is to be segregated from outsid.e
surface drainage by ditches. dikes, berms, terraces, or some other type ofsimilar
structure. "
All operators and applicators are required to participate in educational training on
poultry waste handling for certification. The first year, each operator must undergo nine
hours of training and then three hours for every year after that. The poultry bill also
requires applicators to be licensed. It is a misdemeanor ifanyone is found to be operating
or conducting business as a commercial waste applicator without obtaining a valid license
from the State Board ofAgriculture. In order to apply poultry waste to any land. both
commercial and private applicators must have a state issued certificate. They must
maintain records ofaU application to land that the operator owns or controls. If the waste,
is sold or given to someone else a log must be maintained. This log should include date
of removal, name of the recipient, and amount of waste removed from the operation.
Poultry waste and soil testing should be conducted every three years for every
poultry feeding operation in a non-nutrient limited watershed and non-nutrient vulnerable
groundwater. For operations in a nutrient limited watershed and nutrient vulnerable
groundwater, an annual soil test for the application area should be performed. Poultry
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waste in these areas should be conducted annually prior to the first application of th
calendar year.
Many of the regulations and recommendations of Senate Bill 1170 are unciearly
defined. Currently, the Oklahoma Department ofAgriculture is constructing a list of
rules that will apply to the poultry industry and waste applicators. These rules will ensure
producer compliance with the poultry bill.
Fertilizer Laws
There has been some question as to whether or not broiler litter will need to
comply with fertilizer laws since Senate Bill 1170 requires chemical analysis of the
product. Section 8-61 of the Oklahoma fertilizer law, by definition, excludes
unmanipulated and manipulated manures from being fertilizer material. Unmanipulated
manures are defined as "substances composed primarily of excreta, plant remains, or
mixtures of such substances which have not been processed in any manner" (Johnson et
al., pp. 132). Manipulated manures are defined as "substances composed primarily of
animal excreta, plant remains or mixtures of such substances which have been processed
by natural or mechanical drying or composting but to which no chemicals have been
added" (Johnson et al., pp. 133).
In 1991, a new section, Section 2, was added to the Oklahoma fertilizer law that
addresses manipulated manures. This section allows that manipulated manure is not
subject to Sections 8-62 and 8-61 provided it abides by certain stipulations. The first
stipulation states that the person who is engaged in the use or sale of manipulated
manures cannot offer any warranties or make any guarantees other than the source of the
animal manure. This however does not prohibit them from providing the customer with
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information concerning an analysis ofthe manipulated manme. Also, the manipulated
manures distributed in bulk cannot reflect by label, warranties or any other guarantees of
the contents other than the animal source ofthe manure. Violation of this section could






This study focused on the factors that affect the development of the broiler litter
market in Eastern Oklahoma. The issues dealt with in this project have a tremendous
impact on broiler industry. How producers manage their broiler flocks is an integral part
of litter market development. Even the smallest decision, such as the type of bedding
used, can change the composition of broiler litter. It is vital that broiler producers rise up
to the challenges the litter market presents in order to enhance litter's use and allocation.
Over the past decade more and more regulation in the agricultural industry,
especially in the area of animal waste control, has been the focus in legislation and the
media. In the future, the poultry industry can only look forward to more intense
regulation. With continued improvements and advancements in technology, poultry
producers have a chance to increase production and utilization of broiler litter through
new processing options. There is an opportunity to expand the litter markets in both,
volume and geographic distribution. Proper management can potentially increase
producer profits and the efficiency of the broiler litter market. Chapter I introduced main
questions about the litter market relating to its potential for improvement and why it is
ineffective.
First, what is the potential for improved litter marketing to improve litter use and
allocation? The econometric model introduced in this study is a "back door" approach to
the valuation of broiler litter. It bases the value of litter on the value of the fertilizer not
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used due to litter production and use. Results from this model support anecdotal data.
Evidence shows that the low value of litter currently observed stems from its use
primarily as a source of nitrogen. An improved marketing system will involve additional
costs for hauling, storage, and processing activities. It appears that additional value is
available to support an expanded market.
The second, and more challenging, question is "Why has the litter market
remained so inefficient and so far failed to develop?" The unrealized market value of
litter appears to be spread over a complex and highly interrelated set of marketing
activities. These activities individually may have little value, but taken together as a set
may be able to facilitate improved litter marketing. The combination of a highly variable,
unstable, complex organic product which is available sporadically, a wide variety of
processing options, a poorly developed physical infrastructure, and diverse,
geographically distributed users makes the litter marketing challenge a daunting one.
Factors Needed for an Improved Broiler Litter Market
Currently, there is a need for improved handling equipment to facilitate loading
and unloading in a timely manner in order to make back hauls more feasible. Better,
distribution of litter throughout the year as well as some development of storage facilities
to spread the litter supply through the year is another needed improvement. The storage
needed may be a combination of on-farm and centralized storage. More information may
be needed on the processing alternatives to stabilize litter for storage. Producers need
more information on the possibilities of segregating litter into quality groups to facilitate
improved storage, handling, transportation, and targeting final markets. Steps must then
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be taken to educate the potential users of litter on its availability and value in ,alternative
production systems.
Need for Further Research
Further research into the valuation of broiler litter needs to be undertaken. This
study made the assumptions that litter produced in each county was applied in that same
county. Neither litter exported to other areas nor additional litter imported into the
counties was taken into account in the model. Along the Eastern Oklahoma border are
several high litter producing counties in Arkansas. This production should be analyzed
jointly with Oklahoma production. Specifically, research should detennine what
additional crops are important to Arkansas, what areas the litter is exported to and how
much, and other factors affecting broiler litter production in that area.
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APPENDIX A: RANKlNOS OF DELAWARE COUNTY LITTER TEST RESULTS
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Delaware County Utter Tnt ReslJlts Ranked By olsture
No. Type pH EC H2O TN TP Tl( ca TN TP Tl( C. TN P20l K20 ca EaL Price
Yo " on Dry WelDht ...... Yo on "AHi" &ala IIWlDn on ...... laMia per ton
106 B 5.8 eee 7.2 2.85 0.08 0.12 0.111 2.48 0.08 0.11 0.18 49.2 2.8 2.7 3.5 $13.21
210 B 8.11 7900 8." 3.55 1.25 2.21 2.48 3.25 1.15 2.08 2.27 85.0 52.4 411.11 45.... $304.23
211 B 8.9 9400 8.5 3.85 1.82 2.88 2.88 3.52 1.1l1 2.45 2.48 70.5 78.3 sa.9 49.2 $41.70
212 B 6.8 10200 8.7 3.117 1.58 2.45 2.ll1 3.lIZ 1..... 2.24 2.1111 72.5 86:1 53.7 53.1 $311.39
157 8 7.1 10010 10.2 ".35 1.58 2.110 3.08 3.91 1.42 2.33 2.n 78.1 85.0 58.0 55.3 $40,;3
85 B 7.3 11120 10.5 ".05 1.70 2.sa 2.58 3.lIZ 1.52 2.31 2.31 72.5 88.7 55.4 48.2 $40.37
liBlXI.e..A
184 B &.6 9800 12.1 3.78 1.72 2.30 3.10 3.31 1.51 2.02 2.72 86.1 69.2 48.5 54.5 531.85
215 8 6.9 8500 12.1 3.68 1.63 2.82 2.71 3.23 1.81 2.48 2.38 64.7 73.7 58.5 47.6 $39.83
208 B 8.6 10300 12.5 3.45 1.33 2.15 2.82 3.02 1.16 1.88 2...7 eo.4 53.3 45.2 49.4 $32.53
123 B 7.3 8710 12.7 4.53 1.91 2.55 3.eM 3.95 1.1l1 2.23 2.85 7lU 7lU 53,4 53.1 $43.08
2G4 8 &.9 1!13OO 12.1 ...36 1,70 2.91 3.07 3.&1 1.48 2.54 2.68 76.1 68.0 81.0 53,8 $41.11
207 B 8.2 14000 13,0 3.85 2.04 3.00 2.117 3.35 1.77 2.&1 2.58 87.0 81.3 lIZ,8 51,7 $42.40
170 B 8.5 13300 13.1 3.82 1.49 2.78 3.02 3.32 1.29 2.42 2.lIZ 1lll.4 58.3 58,0 52.5 $37.18
205 B 6.7 9llOO ''',1 3.79 1.85 3.1" 2.85 3.28 1.511 2.70 2.45 85.1 72.& 64,7 "9.0 $40.54
71 7.3 7360 , ...2 3.35 1.30 1.88 2.23 2.87 1.12 I.BO 1.91 57.5 51,1 38,3 38.3 S30.33
1 8.9 10000 ''',3 5.53 1,72 2.33 3.21 4.74 1."7 2.00 2.75 84.8 87.5 "7.9 55.0 $44.39
13 7.7 8410 ''',8 5.30 1.78 2.7" 2.83 4.53 UIO 2.34 2.25 90.5 68,8 68.2 .....9 $44.82
83 7.4 9910 '''.6 ".16 1.96 2.02 9.38 3.57 1.89 1.73 7.99 71." 77," ",." 158,9 $311.55
11 .. 7.3 10970 '''.7 3,68 1.68 2,75 2.78 3.31 1.43 2.35 2.37 68,2 85,& 68.3 "7.4 538.12
119 7.8 8020 '''.8 ".68 1.68 2.63 2.99 3.il9 1,61 2.'" 2.55 78,7 73.8 57.9 SO.8 $43.37
102 7.4 10880 15.0 ".04 1.48 2.45 2.81 3.43 1.28 2.08 2.22 68,7 57.8 SO.O .....4 538.111
185 8.8 10400 15.0 3.30 1.82 2.43 3.08 2.81 1.55 2.07 2.82 68,1 70.8 48.8 52.4 535,83
61 7.4 11520 15.2 ".05 2.15 2.78 3.77 3,43 1,82 2.38 3.20 68.7 83.5 58.6 83.9 $42,38
4 7.5 8350 15.3 3.88 1.84 2.81 2.90 3.37 1.38 2.38 2.48 1l1.4 63.6 57.1 "9.1 538,15
161 6.7 10900 15.3 ".1& 1.69 2,&1 2.88 3.52 1.43 2.21 2.2& 70.5 85,8 53.1 45.& 538,811
21.. 7.1 9000 15.3 3.48 1.41 2.39 2,40 2.113 1.18 2.02 2.03 58.8 54.7 48.8 40.7 532,88
158 7.0 6860 15.6 ".De 1.48 2.18 2,68 3.43 1.25 1.84 2.28 68.5 57.2 .....2 45.2 535.20
JiBQl.le.fl
76 B 7.5 10580 15.6 ",51 1.85 2.73 2.85 3.80 1.56 2.30 2.48 75.8 71.3 55.2 49.7 $41,53
58 B 7.8 9130 16.2 2.84 1.40 2.06 8.76 2.38 1.17 1.74 8.20 47.6 53.7 "'.8 183.9 528,112
120 B 7.6 7800 16.6 4.43 2.32 3.22 3.40 3.68 1.83 2.68 2.64 73.9 88.6 64.5 58.7 $45,88
99 B 7.4 11250 18.8 4.34 1.84 2.53 2,49 3.81 1.38 2.10 2,07 72.2 82./5 50.5 41.4 $38.13
132 B 7.2 8420 1&.8 4.30 1.88 2.75 3.22 3.68 1.58 2.28 2.88 71.8 71.8 54,9 53.e $40,"5
173 B 7.1 10600 18.6 5.17 1.47 2.71 2,31 4.30 1.22 2.25 1.82 66.0 58,0 54.1 36." $40,83
24 B 7.3 7140 18.9 3.85 2.08 3.10 3.48 3.28 1.73 2.56 2.89 85.8 79.2 81.8 IIU $41.52
196 8 6.5 9700 17.0 3.78 1.80 2.38 2.88 3.15 1.33 1,96 2.47 82.9 80,8 47.4 49.8 $35.00
101 8 7.3 11930 17.2 4.38 1.87 2.57 2.59 3,81 1.36 2.13 2.14 72.2 83.3 51.1 42.9 538.38
87 8 7.5 10040 17.3 4.00 1,59 2.41 2,90 3,31 1.31 1,99 2,47 66.2 60.2 "7.& 411.5 535.711
135 B 7.2 10as0 17.3 4.09 1.72 2.58 2.58 3,36 1.42 2,12 2.14 &7.& 85.1 50.11 42,8 537.58
213 8 7." 9400 17.5 2.99 1.88 3.03 2,78 2,47 UIII 2,50 2.28 411.3 71.0 60.0 45.8 535.54,
178 8 8.9 11200 17.8 3.76 1.72 2,85 2,75 3,11 1.42 2.18 2,27 &2,3 64,8 52.4 45.3 538.42
73 8 7.7 10350 111.0 4.00 1.83 2,70 3.21 3,28 1.58 2,21 2.83 85.6 72.5 83.1 152.8 538,87
112 B 7.2 11640 111.3 4.06 1.85 2.82 2.92 3,33 1.35 2,14 2.38 66.7 81.7 !ll.4 47.7 538.72
6 8 7.2 10770 16,6 3.84 1.96 2.81 4.70 3,21 1.80 2.28 3.83 64.1 73.1 54.9 7&.5 538.88
15 8 7,6 8410 18,7 3.22 1.35 2.23 2.25 2.82 1.10 1,61 1.63 52.4 50.3 43.11 38.8 5211.87
103 B 7.6 113110 18,7 3.72 2.08 2.88 3.36 3,02 1.67 2.41 2.73 BO.5 76.7 57.11 54.6 S311,13
188 B 7.0 10300 111,8 4.30 1.51 2,411 2.27 3.49 1.22 2,02 1.84 88.7 68.1 48.5 38.6 535.92
175 B 7,3 10600 1&,0 5.22 1.56 2.70 2.68 ".23 1.26 2.18 2,17 84,8 57,9 52.5 43.4 $40,5&
155 B 7.0 10880 19,8 5.33 1.58 2,n 2.63 4.29 1.25 2.23 2.11 85,7 57.4 53.4 42.3 $40.93
38 B 7.0 6110 1&.6 4.49 1,60 2,62 2,.... 3.60 1.28 2.28 1,88 72.0 58,8 54.3 39.1 537.90
60 B 7,3 12080 18.6 3.66 1.70 2.73 3.23 2,94 1.36 2,19 2.59 58.7 62,4 112.5 51,6 535.05
88 B 7,4 10170 18.8 3.76 1.65 2,43 2.67 3.02 1.32 1.85 2.14 80.3 80.8 46.11 42.8 534.21
108 B 7.5 10240 18.8 3.79 1.50 2."5 2.28 3.04 1.20 1.96 1.83 80,7 55,0 47.1 38,5 533.25
125 B 7.6 6250 20.1 4.08 2.1& 2.57 3.45 3.24 1.74 2,05 2.76 84.9 79.8 49.3 55,1 $39.57
100 B 7.2 11490 20.2· 4.22 1.58 2.81 2.92 3.37 1.24 2,08 2,33 87.4 57.0 50.0 48.8 535.74
160 B 7.1 11400 20.2 3.69 1.84 2,74 3,10 2.94 1.47 2,19 2.47 58.9 87.2 52..!! 48.5 $38.04
25 B 7.3 10350 20.3 4.29 1.96 2,83 3.22 3.42 1.56 2.10 2.57 66.4 71.5 50.3 51.3 538.95
32 B 7.3 8170 20,3 4.31 1.79 2.96 3,08 3.44 1,43 2.36 2..... 88.7 85.3 58,6 48.8 $38,7"
107 B 7.1 11390 20.3 4.21 1.75 2,52 2,84 3.36 1.39 2.01 2.34 67,1 83,& 46.2 48.9 536.78
167 B 6.9 9llOO 20.3 4.35 1.60 2.52 2.54 3.47 1.28 2.01 2.02 69.3 58.4 46.2 40.5 536.25
~
48 B 7.3 6120 20.5 4.50 1.84 2.96 2.83 3.58 1.30 2.35 2.25 71.8 59.7 56,5 45,0 $38.30
113- 7.1 12000 20.8 4.13 1.n 2.5iS 2.43 3.28 1.41 2.03 1.93 85.8 84.4 48.8 31:8 138.59
58 7.8 11730 20.7 3.:98 1.92 2.75 3.37 3.18 1.52 2..18 2.87 en.l 88.7 52.3 '53.4' $37.58
14 Hi IOlIO 20.8 4.09' 1.83 2..53 2.98 324 US 2.00 2.34- SoUl 118•• 48.1 41.11 $38.119
72 7.4 10180 20.9 4:23 1.74 2.71 3.12 3.35 1.38 2:.20 2.47 88.11 ll3.0 5208 il8.4 ~7.25
28 8.5 8030 21.0 4;33 1.87 3.28 US 3.42 1.48 2.58 2.57 11.4 17.7 82..2 5'-4 $39.96
n H 1011O 21.3 4.18 1.117 2:88 3;38 3.211 1.S5 2.011 2.84 85.8 71.0 50.2 52,11 138.19
183 7.0 8100 2e1.3 4.38 1.58 2.10 3-.17 :US 1.24 1.85 2.411 11.11 57.0 39.7 411:11 $34.58
98 72 10080 21.4 4.75 1.N 2J0I 3.03 3.73 1.41 1.en 2..38 74.7 84.4 39.2 47.8 $37.44
141 7.8 11300 21.4 3!89 1.80 2:93 2.117 3.01 1.41 2.30 2.33 81.2 84.8 55.3 4CI:t $38.54
118 7.4 5580 21.7 4.12 2.28 2.85 3.81 3:23 1.N 2.31 2.113 84.5 112..1 55.4 58.5 $40.87
12 7.5 11270 21.8 4.43 1.88 2.12 3.35 3.4C1 1.58 221 2.82 •.3 71.3 52.11 52." $39.5~
147 7.1 9100 21.8 3.89 1.84 2.41 3.38 3.04 1.44 1.811 2.65 60.8 lIS.II 45.2 53.0 $35.17
3 7.1 9810 21.9 3.89 1.81 2.90 3.40 2.88 1.•' 2.26 2.11 57.8 84.7 54-.4 53.1 $35.51
74 7.5 11040 22.1 3.75 1.83 2.44 2.98 2.112 127 1.90 2.32 58.4 58.2 45.8 48.4 $33.08
153 7.2 10150 22.1 3.78 1.74 2.70 3.18 2.114 1.38 2.10 2.49 58.9 82.1 50.5 49.7 $34.71
187 8.7 9OllO 22.1 3.71 1.25 2..43 2.30 2.89 0.87 1.89 1.79 57.8 44.8 45.4 35,8 $30.18
37 B 7.3 8580 22.2 4.33 1.89 3.42 3.20 3.37 1.47 2.88 2.411 17.4 87.3 83.8 411.8 S311.89
83 B 7.2 105!l0 22.2 4.32 1.87 2.411 2.87 3.38 1.30 1.114 2.08 17.2 SII.5 4CI.5 41.5 $35.68
42 B 7.4 8800 22.8 528 1.72 3.51 3.,01 4.09 1.33 2.72 2.33 81.7 81.0 lIS.2 48.8 $4Vl1
55 B 7.7 9810 22.8 4.DO 1.81 2..52 2.98 3.10 1.40 1.85 2..2lI 81.11 84.2 48.8 45.8 $35.33
114 B 7.0 11880 22.8 4.52 1.88 2.31 2.88 3.411 1.28 1.78 2.05 811.8 58.7 42.8 41.1 S35.81
1711 B 8.8 11300 22.9 4.03 1.S11 2.88 2..4C1 3.11 1.23 2.05 1.110 82.1 58.1 411.2 37.11 S34.15
31 B 7.8 7880 23.3- 3.88 1.60 3.21 2.,114 3.08 1.23 2.48 2.25 81.2 58.2 SII.1 45.1 S35.41
48 B 7.4 7380 23.3 3.85 1.88 3.07 2.75 3.03 1.30 2.35 2.11 60.8 SII..o& 58.5 42.2 $35.50
110 B 7.1 11800 23.5 5.26 2,.04 3.00 3.37 4.02 1.58 2.30 2.58 BO.5 71.5 55.1 51.8 $42.88
134 B 7.2 12200 24.0 3.47 1.88 2.79 2.95 2.84 1.51 2.12 2.24 52.7 89.3 50.8 44.8 $34.87
1n B 7.1 11800 24.0 3.29 1.71 2.89 2.82 2.50 1.30 2.04 2.14 50.0 59.5 49.1 42.9 $31.77
34 B 7.1 8970 24.1 4.73 2.08 2.88 3.54 3.S11 1.58 2.17 2.89 71.8 71,8 52.1 53.7 $40.09
23 B 7.8 9820 24.2 422 1.93 3.32 2.93 3.20 1.48' 2.52 2.22 84.0 87.0 80.4 44.4 $38.45
88 B 8.2 7850 2.0&.2 2.24 1.81 2.11 9.34 1.70 1.22 1.80 7.08 34.0 55.11 31..0& 141.8 $25.43
75 B 7.5 2580 24.4 1.35 0.32 0.82 0.12 1.02 0.24 0.12 0.82 20.4 11.1 14.11 12.4 SII.55
188 B 6.8 10700 24..0& 3.17 1.75 2.78 3.01 2.n 1.32 2.09 2.28 55.5 60.8 50.1 45.5 $33.50
43 B 7.11 4870 24.5 4.84 1.51 2.12 2.30 3.85 1.14 2.05 1.74 73.1 52.2 49.3 34.7 $38.11
108 B 8.2 4350 24.5 0.72 o.n 0.78 4.93 0.54 0.58 0.511 3.72 10.9 28.8 14.1 74.4 $10.18
133 B 7.7 9110 24.8 3.38 1.81 3.21 2.98 2.54 1.31 2.41 2.24 50.8 62.3 57.11 44.8 $33.87
148 B 7.1 10120 24.9 4.39 1.87 2..55 2.17 3.30 1.25 1.92 2.01 85.11 57..0& 4CI.0 40.1 $34.87
40 B 7.3 92!lO' 25.1 4.12 228 3.28 3.75 3.48 1.89 2.48 2.81 69.2 n5 511.0 58.2 $41.85
104 9 6.9 10880 25.1 3.80 1.81 2.35 3.13 2.85 1.36 1.78 2.34 58.9 62.1 42.2 4CI.II $32.89
86 B 7.0 11800 25.2 4.28 1.74 2.711 2.89 3.111 1.30 2.09 2.01 83.7 59.6 50.1 40.2 S35.37
fiBIJUl!..D.
49 B 7.7 7480 25.5 4.23 1.89 3.21 3.10 3.15 1.28 2.39 2.31 83.0 57.7 57.4 48.2 '35.110
18 B 7.11 8480 25.8 3.59 1.47 2.27 2.11 2.87 1.011 1.11I 1.88 53.4 50.1 40.5 39.8 $29.45
113 B 8.9 13200 25.8 4.04 1.98 2.95 2.88 3.00 1.45 2.19 2.12 60.0 88.8 52.6 42.4 $38.19
89 B 7.1 10590 28.0 5.20 1.86 2.45 2.114 3.85 1.39 1.81 2.18 no 83.7 43.6 43.5 $3U1
86 B 7.4 8750 26.3 4.73 1.44 2.28 2.20 3.49 1.08 1.86 1.82 88.7 48.8 40.3 32.4 $33.20
185 B 6.9 9800 26.5 4.55 1.82 2.78 2.78 3.34 1.19 2.04 2.03 88.11 54.5 49.0 40.8 $34.98,
150 B 8.7 12750 26.8 4.47 2.24 3.28 5.58 3.28 1.84 2.41 4.08 85.6 75.3 58.0 81.8 $40.18
143 B 7.8 10100 26.8 4.11 1.96 3.05 3.21 3.01 1.43 2.23 2.35 60.2 lIS.7 53.8 47.0 $38.22
eo 9 7.8 10370 26.9 4.30 1.75 2.42 2.74 3.14 1.28 1.n 2.00 8U 58.6 42.5 40.1 $33.80
111 B 7.5 10260 27.3 3.24 1.72 2.72 2.82 2.38 1.25 1.98 1.90 47.1 57.3 47.5 38.1 $30.35
45 B 7.8 8830 27.5 4.49 1.35 2.40 2.13 3.26 0.98 1.74 1.54 65.1 44.8 41.8 30.9 S31.51
92 B 6.8 11158 27.5 4.98 1.35 2.07 2.26 3.60 0.98 1.50 1.84 71.9 44.8 38.0 32.8 $32.35
87 B 6.7 10850 27.8 4.23 1.54 2.43 2.47 3.08 1.11 1.78 1.79 81.3 51.1 42.2 35.8 $31.88
85 B 7.1 10290 28.8 4.03 1.18 1.91 2.08 2.87 0.84 1.36 1.47 57.A 38.5 32.8 29.3 $26.94
fHlDJJe.E.
44 B 7.4 8120 30.3 3.89 1.60 3.19 2.98 2.57 1.25 2.22 2.08 51.4 57.5 53.4 41.5 $32.38
188 B 8.8 12400 31.5 3.81 1.76 2.98 3.37 2.81 1.21 2.04 2.31 52.2 55.2 49.0 48.2 S31.44
86 9 7.8 8420 31.8 2.88 1.49 1.94 8.28 1.83 1.02 1.32 4.28 31.8 48.5 31.8 85.7 $23.21
90 B 7.1 13380 32.2 A.38 1.79 2.82 2.83 2.97 1.21 1.78 1.92 59.4 55.8 42.8 38.4 $32.38
189 B 8.4 12700 32.3 3.88 1.85 3.03 3.20 2.49 1.25 2.05 2.17 49.8 57.4 49.2 43.3 $31.31
lA9 B 7.5 12060 32.7 3.80 1.86 3.36 3.29 2.42 1.27 2.26 2.21 48.5 57.9 54.3 44.3 $31.84
2 B 7.2 13530 33.4 3.88 2.15 3.49 3.78 2.58 1.43 2.32 2.52 51.7 85.6 55.8 50.3 S34.40
91 B 7.0 10050 33.4 4.57 1.36 2.30 2.18 3.04 0.92 1.53 1.48 60.9 042.1 36.8 29.2 UIl.15
87 B 6.4 10380 34.1 5.21 1,44 2.12 2.37 3.43 0.95 1.40 1.58 88.7 43.5 33.5 31.2 $30.89
138 9 6.3 1.0&270 34.1 3.94 1.81 2.36 4.54 2.60 1.06 1.57 2.99 51.9 48.8 37.8 59.8 S28.35
183 B 8.3 15700 34.5 4.24 2.01 3.60 4.01 2.78 1.32 2.36 2.83 55.5 60.3 58.6 52.5 $34.43
84 B 7.2 12250 37.3 4.83 1.84 2.85 4.08 3.03 1.03 1.88 2.55 60.6 47.1 39.11 50.9 $30.54
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184 B 8.2 15700 37..4 4.33 2.00· 3.2l1 3.21 2..71 1.25 2.08 2.01 54.2 57.3 41.4 40.2 $32.4<4
209 B 8.5 8llOO 38.4 2.56 2.ill 4.57 12Jl8 l.58 1.12 2.12 7.82 31.5 83..5 87.8 156.4 $34.72
208 B 8.8 14300 47.7 3.83 2.24 3.37 i.03 UO 1.17 1.78 4.72 38.0 5:"1 42..3 M.5 S2e.57
108 B 7.2 11270 48.3 US 2.28 3.10 14.47 1.51 1.18 1.80 7,48 30.3 54.0 311.5 141.8 $24.14
84 B 7.8 aIOO 48.5 3.86 2.72 2.311 10.21 1.88 1.40 1.23 5.28 31.1 84.2 211.5 105.2 S2e.8i
70 B 7.5 7780 50.8 2Z1 1.81 2.11 8.18 1.12 0.79 1.01 4.01 22.3 38.3 25.8 80.3 '1.6.81
128 B 8.5 Q040 55.0 3.00 3.28 4.14 13.38 1.35 1.47 1.88 8.02 21.0 87.2 44.7 120.4 S26.8i
111 B 7.4 12420 55.2 2.08 U3 3.70 11.42 O.as 0.18 1.88 5.12 18.8 38.8 38.11 102.3 '18.55
115 B 1.4 10880 60.0 3.77 2.52 2.85 12..91 1.51 1.01 1.08 5.18 30.2 48.2 25.4 103.3 $20.511
AVtlI'llge 7.2 10001 22.. 3.• 1.71 2.17 1.12 3.01 1.33 2.04 2.11 81.1 81.0 Q.q 53.0 $3&.00
MAX 1.5 15700 60.0 5.53 3.21 4.57 14.47 4.74 1.13 2.12 1.20 8.... .... 17.8 183.' $45.11
MIN 1.2 118 7.2 0.72 0.01 0.12 0.11 0.14 0.01 0.11 Q.1I 10.1 2.8 2.7 3.1 SUS
STDDEV 0.4 2322 • .4 0.72 0.37 0.13 2.31 0.6' 0.27 0.41 1.28 13.1 12.2 U 21.2 $1.24
OBSERVATIONS - A 21
MEAN-A 1.1 N37 1..., 4.01 1.71 2M U. UI 1.47 2.20 2.74 ".7 17.2 12.1 84.7 ",.7'
Smev·A U ,.1, 1.2 OM on 0'.34 1A1 OAI 0.20 0.30 1.24 ••• '.1 7.1 24,7 "'-04
OBSERVATIONS - B 32
MEAN·S 7.3 Ml1 1... 4.10 1.14 2. U3 3.34 1.42 2.17 2.11 .... ..... 82.0 11.1 $37.41
Smev·B 0.3 1M2 1.1 O. 0.23 0.24 1.11 OAI 0.1' 0.20 1.10 '.0 '.7 4.' 22.1 *UI
OBSERVATIONS - C 40
MEAN·C 7.3 MI2 22.' 3." 1.73 2M 3.18 3.01 1.33 2.01 2.44 .1.2 '1.1 4.A 41.' $34.13
smev·c 0,,4 2207 1.5 0.17 0.34 OM 1.18 0." 0.21 0..43 0.17 13.1 12.1 10,,4 11.1 SUo
OBSERVATIONS - D 14
MEAN·D 7.3 ..71 21.' 4.30 1.11 2.1' 2.13 3.11 1.21 1.10 2.07 13.0 11.1 ".1 41.1 $33.11
STDEV-D 0,,4 1171 0.' 0..1 0.21 0.42 OM O.S! 0.22 0.32 0.14 1.1 10.1 7.7 12.1 *3.11
OBSERVATIONS· E 11
MEAN· E '.11 11721 32.1 3.111 1.14 2.12 3.13 2.'7 1.17 1.10 2.37 13.3 13.' ".1 41.1 130.1'
STDEV·E 0.1 27150 1.3 0.14 0.24 OM 1.14 OA1 0.11 0.3. 0.17 1.1 lA 1.3 18.8 $3.18
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Delaware County Utter Test Results Ranked by Nitrogen-
No. Type pH EC H2O TN TP TK C. TN TP TK C. TN P205 lUG c. EaLPtic.
Yo Yo Oft Dry Welgttt ...... Yoon·A....·au.. '!1lI/1IDn on .a-Ia- bu." per ton
108 8.2 4350 24.5 0.72 o.n 0.78 4.93 0.54 0.58 0.59 3.72 10.9 2ll.8 14.1 74.~ 510.HI
171 7.4 12420 55.2 2.08 1.93 3.70 11.42 0.93 0.811 1.llll 5.12 18.8 39:6 39.8 102.3 518.55
75 75 25llO 24.4 1.35 0.32 0.82 0.82 1.02 0.24 0.82 0.82 20.4 11.1 14:9 1~.4 $11.55
70 7.5 n60 50.8 2.27 1.61 2.17 8.18 1.12 0.79 1.07 4.01 2.2.3 38.3 25.8 '80.3 $18.88
128 8.5 9040 55.0 3.00 3.28 4.14 13.38 1.35 1.47 1.88 8.02 '27.0 87:2 44.7 120,4 528.89
115 7.4 101160 10.0 3.n 2.52 2.85 12.81 1.51 1.01 1.08 5.18 '30.2 48.2 25.• 103.3 $20.59
109 7.2 16270 48.3 2.93 2.28 3.10 14.47 1.51 1.18 1.10 7.48 3C.3 54.0 3UI 149.8 $24.14
209 8.5 8900 38.4 2.58 2.96 4.57 12.88 1.58 1.82 2.82 7.92 31.5 83.5 67.8 158.4 $34.72
llll 82 7650 24.2 224 1.&1 2.11 9.34 1.70 122 1.10 7.08 34.0 55.9 38.4 141.8 525.43
68 7.8 8420 31.8 2.68 1.49 1.94 828 1.83 1.02 1.32 4.28 3e.8 48.5 31.8 85.1 $29.21
84 7.8 9800 48.5 3.811 2.n 2.39 10.21 1.88 1.40 1.23 528 '37.7 842 29.5 1052 528.89
208 8.8 14300 47.7 3.83 224 3.37 9.03 1.80 1.17 1.78 4.72 38.0 53.1 42.3 IM.5 528.57
SBDJJl!A
111 B 7.5 10280 27.3 3.24 1.n 2.n 2.82 2.38 1.25 1.98 1.90 47.1 57.3 47.5 38.1 530.35
59 B 7.9 9130 18.2 2.84 1.40 2.08 9.78 2.38 1.17 1.74 820 47.8 53.7 41.8 183.11 52892
149 B 7.5 12060 32.7 3.60 1.88 3.38 329 2.42 1.27 2.28 2.21 48.5 57.9 54.3 44.3 531.&4
105 B 5.8 868 7.2 2.85 0.08 0.12 0.19 2.48 0.08 0.11 0.18 49.2 2.8 2.7 3.5 513.21
213 B 7.4 9400 17.5 2.99 1.88 3.03 2.78 2.47 1.55 2.50 2.28 411.3 71.0 110.0 45.5 535.54
189 B 8.4 12700 32.3 3.68 1.85 3.03 320 2.49 1.25 2.05 2.17 49.8 57.4 492 43.3 531.31
ln B 7.1 11800 24.0 329 1.71 2.89 2.82 2.50 1.30 2.04 2.14 50,0 59.5 49.1 42.11 5S1.n
133 B 7.7 9110 24.8 3.38 1.81 321 2.9IJ
1
2.54 1.38 2.41 2.24 50.8 82.3 57.9 44.8 $33.87
I
fiBD!Jl!.l!
44 B 7.4 8120 30.3 3.89 1.80 3.19 2.98' 2.57 1.25 2.2.2 2.08 51.4 57.5 53.4 41.5 $32,38
2 B 7.2 13530 33.4 3.88 2.15 3.49 3.78 2.58 1.43 2.32 2.52 51.7 85.8 55.8 50.3 534.40
138 B 8.3 14270 34.1 3.IM 1.81 2.38 4.54 2.60 1:08 1.57 2.99 51.8. 48.8 37.8 59.8 528.35
168 B 8.8 12400 31.5 3.81 1.78 2.98 3.37 2.81 1.21 2.04 2.31 52.2 55.2 49.0 48.2 531.44
15 B 7.8 8410 18.7 3.2.2 1.35 2.23 2.2.5' 2.82 1.10 1.81 1.83 52.4 50.3 43.5 3e.8 529.87
134 B 7.2 12200 24.0 3.47 1.99 2.79 2.95 2.84 1.51 2.12 224 52.7 89.3 SO.9 44.8 534.87
16 B 7.9 84lIO 25.8 3.59 1.47 2.27 2.88 2.87 1.09 1.89 1.99 53.4 SO.1 40.5 39.9 529.45
\ 184 B 8.2 15700 37.4 4.33 2.00 3.29 3.21 2.71 1.25 2.08 2.01 54.2 57.3 49.4 402 532.44
168 B 8.8 10700 24.4 3.87 1.75 2.78 3.01 2.n 1.32 2.09 2.28 55.5 110.8 SO.1 45.5 $33.50
183 B 8.3 15700 34,5 424 2.01 3.10 4.01 2.78 1.32 2.38 2.83 55.5 110.3 58.8 52.5 534,43
195 B 8.8 10400 15.0 3.30 1.82 2.43 3.08 2.81 1.55 2.07 2.82 58.1 70.9 49.8 52.4 $35.83
104 B 8.9 101190 25.1 3.80 1.81 2.35 3.13 2.85 1.38 1.78 2.34 58.11 82.1 42,2 411.9 $32.Qe
85 B 7.1 10290 28.8 4.03 1.18 1.91 2.08 2.S7 0.84 1.38 1.47 57.4 311.5 32.8 29.3 $28.94
71 8 7.3 73llO 14.2 3.35 1.30 1.88 2.23 2.87 1.12 1.110 1.91 57.5 51.1 38.3 311.3 530.33
3 B 7.1 9IJ10 21.9 3.89 1.81 2.90 3.40 2.88 1.41 2.28 2.llll 57.8 84.7 84.4 53.1 535.51
187 B 8.7 9000 22.1 3.71 1.25 2.43 2.30 2.89 0.97 1.89 1.79 57.8 44.8 45.4 35.8 530.18
GBQUl?.C.
74 8 7.5 11040 22.1 3.75 1.83 2.44 2.98 2.92 1.27 1.90 2.32 58.4 58.2 45.8 48.4 533.08,
214 B 7.1 9000 15.3 3.48 1.41 2.39 2.40 2.93 1.19 2.02 2.03 58.8 54.7 48.8 40.7 532.88
80 B 7.3 12090 19.8 3.llll 1.70 2.73 3.23 2.94 1.311 2.19 2.119 58.7 82.4 52.5 51.8 535.05
1BO 8 7.1 11400 20.2 3.69 1.84 2.74 3.10 2.94 1.47 2.19 2.47 58.9 87.2 li2.5 49.5 '38.04
153 B 7.2 10850 2.2.1 3.78 1.74 2.70 3.19 2.94 1.38 2.10 2.49 58.9 82.1 SO.5 49.7 534.71
90 B 7.1 13380 322 4.38 1.79 2.82 2.83 2.97 1.21 1.78 1.92 59.4 55.8 42.8 38.4 532.38
93 8 8.9 13200 25.S 4.04 1.96 2.95 2.88 3.00 1.45 2.19 2.12 BO.O 88.8 52.5 42.4 $38.19
143 8 7.8 10100 28.8 4.11 1.96 3.05 3.21 3.0\ 1.43 2.23 2.35 BO.2 85.1 53.8 47.0 '38.22
98 B 1.4 10170 19.8 3.76 1.85 2.43 2.87 3.02 1.32 1.95 2.14 BO.3 110.8 48.8 42.8 534.21
208 B 6.8 10300 12.5 3.45 1.33 2.15 2,82 3.02 1.18 1.88 2.41 BO.4 53.3 45.2 49.4 532.53
103 B 7.8 11390 16.7 3.72 2.06 2.96 3.38 3.02 1.87 2.41 2.73 8O.S 76,7 57.8 54.8 '39.13
84 B 7.2 12250 37.3 4.83 1.84 2.65 4.08 3.03 1.03 1.88 2.55 80.6 47.1 39.9 50.9 $30.54
48 8 7.4 7390 23.3 3.95 1.89 3.07 2.75 3.03 1.30 2.35 2.11 BO.6 59.4 58.5 42.2 $35.50
lOB 8 7.5 10240 19.9 3.79 1.50 2.45 2.28 3.04 1.20 1.98 1.83 80.7 55.0 47.1 38.5 '33.25
147 B 7.1 9100 21.8 3.89 1.84 2.41 3.39 3.04 1.44 1.88 2.65 80.6 85.9 45.2 53.0 535.17
91 B 7.0 10050 33.4 4.57 1.38 2.30 2.19 3.04 0.92 1.53 1.48 BO.9 42.1 38.8 29.2 529.15
141 B 7.8 11300 21.4 3.89 1.80 2.93 2.97 3.08 1.41 2.30 2.33 81.2 84.8 55.3 48.7 538.54
38 B 7.6 7880 23.3 3.99 1.80 3.21 2.94 3.08 123 2.48 2.25 111.2 .58.2 59.1 45.1 $35.41
97 B 6.7 10850 27.8 4.23 1.54 2.43 2.47 3.08 1.11 1.78 1.79 61.3 51.1 42.2 35.8 $31.88
55 B 7.7 9810 2.2.11 4.00 1.81 2.52 2.96 3.10 1.40 1.95 2.29 81.9 84.2 48.8 45.8 $35.33
179 B 6.8 11300 2.2.9 4.03 1.59 2.88 2.48 3.11 1.23 2.05 1.90 62.1 58.1 49.2 37.11 $34.15
178 B 6.9 11200 17.8 3.78 1.72 2.65 2.75 3.11 1.42 2.18 2.27 62.3 84.9 52.4 45.3 $38.42
BO B 7.6 10370 28.9 4.30 1.75 2.42 2.74 3.14 1.,28 1.n 2.00 62.9 58.8 42.5 40.1 533.80
196 B 6.5 9700 17.0 3.79 1.80 2.38 2.98 3.15 1.33 1.98 2.47 62.9 80.8 47.4 49.5 S35.oo
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49 7.7 7480 25.5 4.23 1.89 3.21 3.10 3.15 1.26 2.39 2.31 83~O ST.7 57.4 46.2 $35.90
56 7.8 11730 20.7 3.1lS 1:92 2.75 3.37 1111 1.52 2.18 2.87 lI3.1 89.7 52.3 53.4 $37.58
88 7.0 lleoo 25.2 4.26 1.74 2.79 2.89 3.111 1.30 2.011 2.01 113.7 sa !5O.1 402 $35.37
23 7.8 Il820 2• .2 4.22 1:Il3 3.32 2.113 3.20 1.~ 2:.52 2.22 84.0 87.0 110.4 44.4 138.45
8 7.2 1ano 18.8 3.94 HIS 2.81 4.70 3.21 'illO 22lI 3.83 84.1 73.1 54.1I 78.5 138.88
1111 7.4 5580 21.7 4.12 2.2l1 2.ll5 3.111 3.23 10N 2.31 2.83 au 82.1 55-.4 5U $40,87
215 6.1I 8500 12.1 3.68 1.83 2.82 2.71 3.23 1.81 2.46 2..311 84,7 . 73.7 5ll.5 47.8 5311.83
14 7.5 8llIIO 20.8 4.011 1.83 2.53 2.1lS 3.2.. 1AS 2.00 2.34 84.8 •• 48.1 48.11 $38.811
125 7.8 8250 20.1 4.011 2.18 7:51 3.45 3.24 1.74 2.05 2.78 84.11 7lI.8 411.3 55.1 5311.57
210 8.51 7900 8.4 3.55 1.25 2.27 2.48 3.25 1.15 2.08 2.27 85.0 52.4 411.11 45.4 534.23
45 7.8 8ll3O 27.5 4.411 1.35 2.40 2.13 3.26 0.1lS 1.74 1.54 85.1 44.1 4U 3O.1I $31.51
205 6.7 DlIOO 14.1 3.711 1.85 3.1" 2.85 3.26 1.5ll 2.70 2.45 85.1 72.8 84.7 411.0 ~0.504
J.iBtJJI£.J2
113 B 7.1 12000 20.8 •.13 1.71 2.58 2.43 3.28 1••' 2.03 1.113 85.8 84.4 48.8 38.8 538.511
73 7.7 10350 18.0 4.00 1.113 2.70 3.21 3.28 1.58 2.21 2.83 85.8 72.5 53.1 52.8 $38.87
lSO 8.7 127SO 26.8 4.47 2.241 3.28 5.58 3.28 1.84 2.41 4.011 85.8 75.3 58.0 81.8 $40.18
24 7.3 7140 16.9 3.115 2.08 3.10 3.46 3.28 1.73 2.58 2.88 85.8 N.2 81.8 57.8 ~1.52
71 7.4 108110 21.3 4.18 1.97 2.68 3.38 3.28 1.55 2.011 2.84 85.8 71.0 SO.2 52.11 $38.111
146 7.1 10120 2".9 4.39 1,87 2.55 2.87 3.30 1.25 1.92 2.01 85.11 57.4 48.0 40.1 534.87
194 8.8 Il800 12.1 3.78 1.72 2.30 3.10 3.31 1.51 2.02 2.72 68.1 89.2 46.5 54.5 $37.85
87 7.5 10040 17.3 4.00 1.58 2.<41 2.1IlI 3.31 1.31 1.1IlI 2.47 88.2 110.2 47.6 411.5 535.78
114 7.3 101170 14.7 3.88 1.68 2.75 2.78 3.31 1.43 2.35 2.37 68.2 85.8 M.3 47.4 538.12
170 8.5 13300 13.1 3.82 1.411 2.78 3.02 3.32 1.28 2.•2 2.82 68.4 5ll.3 58.0 52.5 537.18
112 7.2 11840 18.3 4.08 1.85 2.82 2.92 133 1..35 2.14 2.311 88.7 81.7 51.4 47.7 538.72
165 8.9 Il800 26.5 4.55 1.82 2.78 2.78 3.34 1.111 2.04 2.00 68.11 54.5 411.0 40.11 534.118
72 7.4 10180 20.11 4.23 1.74 2.78 3.12 3.35 1.38 2.20 2.47 68.11 83.0 52.8 411.4 $37.25
207 8.2 14000 13.0 3.65 2.04 3.00 2.97 3.35 1.77 2.81 2.511 87.0 81.3 82.8 51.7 $42....0
107 7.1 11390 20.3 4.21 1.75 2.52 2.94 3.38 1.38 2.01 2.34 87.1 83.9 46.2 46.11 538.78
83 B 7.2 10550 22.2 4.32 1.87 2.49 2.87 3.38 1.30 1.94 2.08 87.2 511.5 48.5 41.5 535.88
100 B 7.2 11490 20.2 4.22 1.58 2.81 2.92 3.37 1.24 2.ll8 2.33 87.4 57.0 SO.O 46.8 $35.7"
37 B 7.3 lI5llO 22.2 4.33 1.89 3.42 3.20 3.37 1.47 2.68 2.411 87.4 87.3 83.11 49.8 5311.811
4 B 7.5 8350 15.3 3.1lS 1.84 2.81 2.90 3.37 1.39 2.311 2.48 87.4 83.8 57.1 '9.1 $38.15
135 B 7.2 10850 17.3 '.011 1.72 2.58 2.59 3.38 1.42 2.12 2.14 87.8 85.1 SO.8 42.8 $37.58
25 B 7.3 10350 20.3 •.211 1.118 2.83 3.22 3.'2 1.58 2.10 2.57 88.' 71.5 SO.3 51.3 538.95
28 B 8.5 8030 21.0 4.33 1.87 3.28 3.25 3.42 1,48 2.58 2.57 88.• 87.7 82.2 51." 5311.1l8
158 B 7.0 8Il8O 15.8 '.06 1.48 2.18 2.88 3.43 1.25 1.84 2.28 88.5 57.2 44.2 45.2 $3$.20
87 B 8.' 103110 34.1 5.21 1.44 2.12 2.37 3.43 0.115 1.40 1.5& 88.7 43.5 33.5 31.2 530.811
102 B 7.' 10l1ll0 15.0 '.04 1.46 2.45 2.81 3.43 1.28 2.08 2.22 88.7 ST.II SO.O 44." $38.1'
81 B 7.' 11520 15.2 4.05 2.15 2.78 3.77 3.43 U2 2.38 3.20 68.7 83.5 5U1 83.11 $42.38
32 B 7.3 8170 20.3 4.31 1.79 2.98 3.08 3.44 1.43 2.38 2.44 68.7 85.3 M.8 48.8 138.74
183 B 7.0 9100 21.3 4.38 1.58 2.10 3.17 3.45 1.24 1.85 2.49 68.11 ST.O 311.7 411.' 134.58
40 B 7.3 9250 25.1 4.112 2.26 3.28 3.75 3.48 1.89 2.48 2.81 89.2 71.5 5lI.0 58.2 $41.85
82 B 7.5 11270 2U 4.43 1.1IlI 2.82 3.35 3.48 1.511 2.21 2.82 89.3 71.3 52.9 52." $39.$1
187 B 11.9 9900 20.3 4.35 1.110 2.52 2.54 3.47 1.28 2.01 2.02 119.3 58.4 48.2 40.5 138.25
68 B 7.' 9750 26.3 4.73 1.44 2.28 2.20 3.411 1.08 1.118 1.82 69.7 48.8 40.3 32." 133.20
186 B 7.0 10300 18.9 4.30 1.51 2.411 2.27 3.411 1.22 2.02 1.84 elI.7 58.1 48.5 38.8 53$.112,
114 B 7.0 11860 22.8 4.52 1.88 2.31 2.88 3.411 1.28 1.78 2.05 811.8 58.7 "2.11 41.1 135.81
211 B 8.9 9400 8.5 3.85 1.82 2.118 2.89 3.52 1.87 2.45 2.48 70.5 7&.3 58.11 49.2 ~1.70
181 B 8.7 10900 15.3 4.16 1.89 2.61 2.69 3.52 1.43 2.21 2.28 70.5 85.11 53.1 45.11 538.89
83 B 7.4 1IlI10 14.8 4.18 1.98 2.02 11.38 3.57 1.811 1.73 7.911 71.4 71.. 41.4 1511.9 539.55
46 B 7.3 8120 20.5 4.SO 1.114 2.98 2.83 3.58 1.30 2.35 2.25 71.11 59.7 se.5 45.0 538.30
132 B 7.2 8420 16.8 4.30 1.118 2.75 3.22 3.58 1.se 2.28 2.88 71.11 71.8 54.9 53.8 $40."$
34 B 7.1 8970 24.1 4.73 2.08 2.88 3.54 3.59 1.se 2.17 2.89 71.8 71.11 52.1 53.7 ~0.09
92 B 8.8 11158 27.5 4.118 1.35 2.07 2.26 3.110 0.118 1.50 1.64 71.11 44.8 38.0 32.11 $32.35
38 B 7.0 8110 19.8 4.49 1.60 2.82 2.44 3.80 1.28 2.28 1.1lS 72.0 58.8 54.3 39.1 $37.90
~
101 B 7.3 11930 17.2 4.38 1.87 2.57 2.59 3.81 1.38 2.13 2.14 72.2 83.3 51.1 42.9 $38.38
1IlI B 7.4 11250 111.8 4.34 1.84 2.53 2.49 3.81 1.38 2.10 2.07 72.2 112.5 SO.5 41.4 538.13
212 B 8.8 10200 8.7 3.97 1.58 2.45 2.91 3.62 1.44 2.24 2.86 72.5 88.1 53.7 53.1 539.311
85 B 7.3 11120 10.5 4.05 1.70 2.58 2.58 3.62 1.52 2.31 2.31 72,S 811.7 55.4 48.2 $40.37
43 B 7.9 4870 24.5 4.84 1.51 2.72 2.30 3.65 1.14 2.05 1.74 73.1 52.2 411.3 34.7 $38.11
120 B 7.6 7800 18.8 4.43 2.32 3.22 3.40 3.69 1.113 2.89 2.84 73.9 88.11 84.5 se.7 ~5.88
118 B 7.2 10060 21.4 4.75 1.79 2.06 3.00 3.73 1.41 1.83 2.38 74.7 64.4 311.2 47.11 537.....
76 B 7.5 10560 15.8 4.51 1.85 2.73 2.115 3.80 1.58 2.30 2.48 75.9 71.3 55.2 49.7 ~1.53
204 B 8.9 11300 12.7 4.38 1.70 2.91 3.07 3,61 1.48 2.54 2.88 78.1 88.0 81.0 53.11 $41.n
89 B 7.1 10590 26.0 5.20 1.88 2.45 2.114 3.85 1.39 1.81 2.16 71.0 63.7 43.5 43.5 538,51'
157 B 7.1 10010 10.2 4.35 1.58 2.60 3.08 3.91 1.42 2.33 2.77 78.1 85.0 58.0 55.3 140.113
123 B 7.3 8710 12.7 4.53 1.91 2.55 3.04 3.115 1.117 2.23 2.85 79.1 78.4 53.4 53.1 $43.08
68
,
119 B 7.8 8020 14.8 4.68 1.89 2.83 2.89 3.1llI 1.81 2.41 2.55 79.7 73,8 57.9 SO.8 $43.37
110 B 7.1 11800 23.5 5.26 2.04 ~oo 3.37 4.02 1.58 2.30 2.58 10.5 71.5 551 51. 542U
42 B 7.4 8800 22.8 5.26 1.12 151 3.01 4.0Il 1.33 2.72 2.33 11.7 81.0 85.2 44.8 542.41
175 B 7.3 10e00 19.0 5.22 1.58 2.70 2JS8 4.23 1.26 2.111 2.17 14.8 57.11 52.5 43,4 $40.58
155 B 7.0 10810 111.8 5.33 1.58 2.77 2.83 42e 1.25 2.23 2.11 15.7 57,4 5;SA 42,3 540.83
173 B 7.1 10e00 18.8 5.17 1.47 2.71 2.31 4.30 1.22 2.25 1.112 116.0 58.0 54.1 au 540.•3
13 B 7.7 8410 14.8 5.30 1.78 2.74 2.83 4.53 1.50 2.34 2.25 110.5 ea,.8 51.2 44.' MU2
1 B 1.11 10000 14.3 5.53 1.72 2.33 3.21 4.74 \.47 2.00 2.75 114.1 17~ 47,9 55.0 144.38
Ave,... 7.2 10001 22., 3.19 1.71 2.67 3.12 3.ot 1.33 2.04 2.11 11.1 11.0 ....0 13.0 $31.00
MAX •.5 15700 60.0 1.53 3.26 ,1.17 14.47 "-74 t.83 2.12 1.20 .... .... 17.1 113.1 $41.1.
MIN 1.2 661 7.2 o.n 0.01 0.12 0.1' O.M 0.01 0.1t 0.1. 10.' 2.1 2.7 U .....
smoEV 0.4 2322 '.4 0.72 0.37 0.13 2.31 o.n 0.27 0.41 1.21 13.' 12.2 ... 25.2 11.24
OBSERVATIONS·A •
MEAN· ... 1.2 .3., 22,. 3.21 1.14 U3 3.... 2AII 1.11 1. 2." 41,0 62.1 41.3 a.3 121.10
STDEV·A 0.1 37H ,.1 0'» 0.12 1.os 2.14 0.01 0.... 0.11 2"" 1.3 20.' 11.2 41.1 ....3
OBSERVATIONS • B 16
MEAN· B 1.0 1DIU 2U 3.73 1." 2.11 3.01 2.73 1.24
,_
2.23 "'.1 ".1 ..... ..... 132.02
STDEV·B 0.1 2111 1.0 0.31 D.30 o.a 0." 0.12 0.20 D.30 0.3. 204 '.0 1.1 1.' '2."
OBSERVAOONS • C 36
MEAN·C 7.3 ..... 21.' 3.81 1.73 2. 2.H 3.01 1.38 2.10 2.31 .1.1 "., 10.3 ....2 138.3.
SroEV·C 0.4 1118 "I 0.31 on 0.30 0.10 0.11 0.20 0.2. 0041 2.1 1.2 '.3 U 12.11
OBSERVATIONS ·0 42
MEAN ·0 1.1 10221 ".1 4.27 1.18 U. 3.13 3A1 1.41 2.14 2.12 ...3 au .'.3 lOA 131.11
SroEV·O 0.3 , ...7 U 0.31 0.23 0.34 1.13 0.10 0.20 0.21 0." 2.0 1.3 1.1 1104 12.14
OBSERVATIONS ·E 12
MEAN· E 7.3 t117 11.1 4047 1.71 2.11 2.11 3.14 UI 2.21» 2041 14.1 11.8 12.7 ....2 140.12
SroEV·E 0.3 1143 1.8 0.34 0.22 0.21 0.31 0.12 0.11 0.21 0.33 2A 1.1 I.' ••• '2.11
"ranking based on TN, IIlIIon "as-II"
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Delaware County Litter Test Results Ranked by Phosphorus·
No. Type 11ft EC H2O TN TP l1( ca TN TP TK ca TN P205 K20 Ca. En Prtee
'lit .'llton~Welght'" "on·"."· an. '1bIlDn on ...... bu• pertDn
105 5.8 8!l8 7.2 2.55 0.08 0.12 0.19 2.48 0.08 0.11 0.18 49.2 :t8 2.7 3.6 $13.21
75 7.5 2580 24.4 1.35 0.32 0.82 0,82 1.02 0.24 0.62 0.62 20.4 11.1 14.8 12.• '59.55
108 8.2 4350 24.5 0.72 0.T7 0.78 4.93 0.54 0.58 0.58 3.72 10.11 28.8 1•.. ; 74.4' $10.16
70 7.5 T780 50.8 2.27 1.81 2.17 8.18 1.12 0.711 1.07 •.01 22.3 36.3 25.8 80.3' $18.66
65 7.1 10290 28.8 4.03 1.18 1.91 2.08 2.87 0.84 1.36 1.47 57.4 38.5 32.8 28.3 $26.~
171 7.4 12420 55.2 2.08 1.93 3.70 11.42 0.93 0.88 1.86 5.12 18.8 39.8 39.8 102.3' $18.55
91 7.0 10050 33.4 4.57 1.38 2.30 2.19 3.04 0.112 1.53 1.48 80.11 42.1 38.8 28.2 $29.15
87 8.4 103e0 34.1 5.21 1.44 2.12 2.37 3.43 0.115 1.40 1.58 86.7 43.5 33.5 31.2 SSO.89
187 8.7 9000 22.1 3.71 1.25 2.43 2.30 2.811 0.117 1.89 1.79 57.8 44.8 45.4 35.8' 530.18
45 7.8 8630 27.5 4.49 1.35 2.40 2.13 3.28 0.118 1.74 1.54 65.1 "".8 41,8 30.11. $31.51
112 8.8 11158 27.5 4.915 1.35 2.07 2.2fl 3.80 0.118 1.50 1.64 71.9 "".8 38.0 32.8 $32.35
DB.QJJf!.A
115 B 7.4 10980 80.0 3.77 2.52 2.85 12.91 1.51 1.01 1.08 5.16 302 482 25.4 103.3 $20.59
68 B 7.8 6420 31.8 2.68 1.49 1.94 628 1.83 1.02 1.32 428 36.8 48.5 31.8 85.7 $23.21
84 B 72 12250 37.3 4.83 1.64 2.65 4.08 3.03 1.03 1.86 2.55 BO.8 47.1 39.11 5O.e' SSO.54
138 B 8.3 14270 34.1 3.94 1.61 2.38 4.54 2.BO 1.08 1.57 2.911 51.9 48.8 37.8 59.8 $2B.35
68 B 7.4 9750 28.3 4.73 1.44 228 2.20 3.49 1.06 1.68 1.62 89.7 48.8 40.3 32.4 SS3.2O
18 B 7.9 8480 25.8 3.59 1.47 2.27 2.68 2.87 1.09 1.89 1.119 53.4 SO.1 40.5 311.9 S29.45
15 B 7.6 8410 18.7 3.22 1.35 2.23 2.25 2.82 1.10 1.81 1.83 52.4 SO.3 43.$ 38.8 S29.61
97 B 6.7 10850 27.8 4.23 1.54 2.43 2.47 3.06 1.11 1.78 1.79 81.3 51.1 42.2 35.8 SSl.88
71 B 7.3 7380 14.2 3.35 1.30 1.68 2.23 2.87 1.12 1.80 1.91 57.5 51.1 38.3 38.3 $30.33
IHMHlE..Il
43 B 7.9 4870 24.5 •.84 1.51 2.72 2.30 3.85 1.14 2.05 1.74 73.1 52.2 49.3 34.7 $36.11
210 B 6.9 7lIOO 8.4 3.55 1.25 2.27 2.48 3.25 1.15 2.08 2.27 65.0 52.• 49.9 45.4 $34.23
206 B 8.8 10300 12.5 3.45 1.33 2.15 2.82 3.02 1.16 1.68 2.47 BO.4 53.3 45.2 49.4 $S2.53
208 B 8.8 14300 47.7 3.83 2.24 3.37 9.03 1.1lO 1.17 1.78 4.72 38.0 53.7 42.3 94.5 526.57
59 B 7.9 9130 18.2 2.84 1.40 2.08 9.78 2.38 1.17 1.74 8.20 47.6 53.7 41.8 183.9 $28.92
109 B 7.2 18270 48.3 2.93 2.28 3.10 14.47 1.51 1.18 1.BO 7.48 30.3 54.0 38.5 149.6 52-4.14
165 B 8.9 9800 28.5 4.55 1.82 2.78 2.78 3.34 1.19 2.04 2.03 68.9 54.5 49.0 40.8 $34.96
214 B 7.1 llOOO 15.3 3.48 1.41 2.39 2.40 2.93 1.19 2.02 2.03 58.8 54.7 48.8 40.7 532.66
108 B 7.5 10240 19.9 3.79 1.SO 2.45 2.28 3.04 1.20 1.96 1.83 BO.7 55.0 47.1 38.5 $33.25
168 B 8.8 12400 31..5 3.81 1.78 2.96 3.37 2.81 1.21 2.04 2.31 52.2 55.2 49.0 48.2 S31.44
IlO B 7.1 13380 32.2 4.38 1.79 2.62 2.83 2.97 1.21 1.78 1.112 59.4 55.8 42.6 38.4 532.36
68 B 82 7850 24.2 2.24 1.81 2.11 9.34 1.70 1.22 1.BO 7.06 34.0 55.11 38.4 141.8 525.43
173 B 7.1 10800 16.8 5.17 1.47 2.71 2.31 4.30 1.22 225 1.92 68.0 58.0 54.1 38.... $40.83
188 B 7.0 10300 18.9 4.30 1.51 2.49 2.27 3,49 1.22 2.02 1.84 811.7 58.1 48.5 31tS $35.92
179 B 8.8 11300 22.9 4.03 1.59 2.68 2.48 3.11 1.23 2,OS 1.1lO 82.1 58.1 49.2 37.11 $3-4.15
38 B 7.6 7880 23.3 3.911 1.BO 3.21 2.94 3.06 1.23 2.48 2.25 81.2 58.2 511.1 45.1 $35."1
163 B 7.0 9100 21.3 4.38 1.58 2.10 3.17 3.45 1.24 1,85 2.49 68.9 51.0 39.7 49.9 $3-4.58
100 B 7.2 1141lO 202 4.22 1.58 2.81 2.92 3.37 1.24 2.08 2.33 87.4 57.0 SO.O 48.6 $35.7"
158 B 7.0 8lI8O 15.6 4.06 1.48 2,18 2.68 3.43 1.25 1.84 2.28 68.5 51.2 44.2 45.2 $35.20,
111 B 7.5 10280 21.3 3.24 1.72 2.72 2.82 2.38 1.25 1.98 1.1lO 47.1 57.3 47,5 38.1 $30.35
184 B 8.2 15700 31.4 4.33 2.00 329 321 2.71 1.25 2.08 2.01 54.2 57.3 49.4 40.2 132.44
189 B 8.4 12700 32.3 3.68 1.85 3.03 3.20 2.49 1.25 2.05 2.17 49.8 57.4 49.2 43.3 531.31
148 B 7.1 10120 24.9 4.39 1.87 2.55 2.87 3.30 1.25 1.92 2.01 85.9 57,4 48.0 40.1 $3-4.87
155 B 7.0 10880 19.8 5.33 1.58 2.77 2.83 4.28 1.25 2.23 2.11 85.7 57,4 53.4 42.3 $40.93
.... B 7.4 8120 30.3 3.89 1.BO 3.19 2.98 2.57 1.25 2.22 2.08 51.4 57,5 53.4 41.5 S32.36
102 B 7.4 10980 15.0 4.04 1.48 2,45 2.61 3.43 1.28 2.08 2.22 68.7 57,8 50.0 44.4 $38.19
49 B 7.7 7480 25.5 4.23 1.89 3,21 3.10 3.15 1.26 2.39 2.31 63,0 57.7 51.4 48.2 $35.90
fJBDlJe.k
175 B 7.3 10800 19.0 5.22 1.58 2.70 2.88 4.23 1.28 2.19 2.17 84.8 57.9 52.5 43.4 $40.59
149 B 7.5 12080 32.7 3.80 1.68 3.38 3.29 2.42 1.27 2.26 2.21 48.5 57.9 54.3 44.3 S31.M
74 B 7.5 11040 22.1 3.75 1.63 2.44 2.98 2.92 1.27 1.1lO 2.32 58.4 58.2 45.8 48.4 $33.08
187 B 8.9 9lIOO 20.3 4.35 1.80 2.52 2.54 3.47 1.28 2.01 2.02 89.3 58.4 48.2 40.5 $36.25
80 B 7.8 10370 28.9 4.30 1.75 2.42 2.74 3.14 1.26 1.71 2.00 62.9 58.8 42.5 40.1 $33.80
94 B 7.0 11880 22.8 4.52 1.68 2,31 2.88 3.49 1.28 1.78 2.05 69.8 58.7 42.8 41.1 S35.61
38 B 7.0 8110 19.8 4.49 1.BO 2.82 2.44 3.BO 1.28 2.28 1.96 72.0 58.8 54.3 39.1 S37.90
170 B 8.5 13300 13.1 3.82 1.49 2.78 3.02 3.32 1.28 2.42 2.82 68.4 59.3 58.0 52.5 $37.16
48 B 7.4 7390 23.3 3.95 1.89 3.07 2.75 3.03 1.30 2.35 2.11 80.8 59.4 58.5 42.2 S35.50
83 B 7.2 10550 22.2 4.32 1.87 2.49 2.87 3.38 1.30 1.94 2.08 67.2 59.5 48.5 41.5 $35.68
177 B 7.1 11800 24.0 3.29 1.71 2.89 2.82 2.SO 1.30 2.04 2.14 SO.O 59.5 49.1 42.9 531.n
68 B 7,0 11800 25.2 4.28 1.74 2.79 2.89 3.19 1.30 2.09 2.01 83.7 59,6 SO.1 40.2 $35.37
48 B 7.3 8120 20.5 4.SO 1.84 2.96 2.63 3.58 1.30 2.35 2.25 71.8 59.7 58.5 45.0 538.30
70
~ 7.5 10040 17.3 4.00 1.59 2..41 2.119 3.31 1.31 1.119 2.47 811..2 80..2 47.8 48..5 $~78
183 8.3 15700 34.5 4.24 2.01 3.80 ....01 2.78 1.32 2.38 2.83 55.5 80,3 58.8 52.5 $34.43
1811 8.8 10700 24.4 3.87 1.75 2.78 3.01 2.n 1.32 2.09 2.28 55.5 80.8 5(),1 455 $33.50
98 7.4 10170 18.8 3.78 1.85 2.43 2.87 3;02 1.32 Ul5 2.14· 80.3 80.8 48.8 Q.8 $34.21
188 8.5 8700 17.0 3.79 1.80 2.31 2.98 3.15 1.33 1.88 2.47 82.8 80.8 47.4 48.5 $35.00
42 7,4 8800 22.8 5.28 1.72 3.51 3.01 4.09 1.33 2.72 2.33 81.7 81.0 85.2. 48.8 $42.41
112 72 11840 18.3 4.08 1.65 2.62 2.82 3.33 1.35 2.14 2.38 811.7 81.7 5\.4 47.7. $38.72
153 7.2 10650 22.1 3.78 1.74 2.70 3.18 2.84 1.38 2.10 2.48· 58.8 62.1 50.5 48.7 $34.71
104 8.8 10lI9O 25.1 3.80 1.81 2.35 3.13 2.65 1.38 1.78 2.34 58.8 62,1 42.2 48.8 $32.88
133 7.7 9110 24.8 3.38 1.81 3.21 2.98 2.54 1.31 2.41 224 50.8 82.3 57.• 44.8 $33.87
80 7.3 12080 19.B 3.811 1.70 2.73 3.23 2.84 1.31 2.18 2.58 58.7 82.4 52.5 1.8 ~5.05
119 7.4 11250 18.8 4.34 1.84 2.53 2.48 3.81 1.31 2.10 2.07 72.2 62.5 50.5 41.4 $38.13
72 7.4 10180 20.8 4.23 1.74 2.78 3.12 3.35 1.38 2.20 2.47 118.8 13.0 52,11 4U $37.25
101 7.3 11830 172 4.38 1.87 2.57 2.59 3.81 1.38 2.13 2.14 72.2 13.3 51.1 42.8 $38.38
4 7.5 B350 15.3 3.98 1.84 2.81 2.110 3.37 1.38 2.31 2.48 87.4 13,8 57.1 48.1 $38.15
B9 7.1 10se0 28D 5.20 1.88 2.45 2.84 3.85 1.38 1.81 2.18 n.o 13.7 43.5 43.5 $38.51
107 7.1 11380 20.3 4.21 1.75 2.52 2.84 3.38 1.39 2.01 2.34 87.1 13.9 482 48.9 $38.78
tiBOfJe.Q
84 B 7.8 ll800 48.5 3.88 2.72 2.39 10.21 1.88 1.40 1.23 5.28 37.7 84.2 29.5 105.2 526.68
55 B 7.7 8810 22.8 4.00 1.81 2.52 2.88 3.10 1.40 1.115 2.29 81.9 84.2 48.8 45.8 $35.33
113 B 7.1 12000 20.6 4.13 1.n 2.58 2.43 3.28 1.41 2.03 1.93 65.8 84.4 48.8 38.8 $38.58
116 B 7.2 10080 21.4 4.75 1.78 2.08 3.03 3.73 1.41 1.83 2.38 74.7 84.4 38.2 47.8 $37.44
:I B 7.1 11610 21.9 3.88 1.81 2.110 3.40 2.88 1.41 2.28 2.811 57.8 84.7 54.4 53.1 $35.51
141 B 7.8 11300 21.4 3.88 1.80 2.93 2.97 3.08 1.41 2.30 2.33 81.2 84.8 55.3 48.7 $38.54
178 B 8.9 11200 17.6 3.78 1.72 2.65 2.75 3.11 1.42 2.18 2.27 82.3 84.8 52.4 45.3 $38.42
157 B 7.1 10010 102 4.35 1.58 2.80 3.08 3.91 1.42 2.33 2.n 78.1 65.0 58.0 55.3 $40.113
135 B 7.2 10850 17.3 4.09 1.72 2.58 2.59 3.38 1.42 2.12 2.14 ~.8 85.1 50.8 42.8 $37.56
32 B 7.3 8170 20.3 4.31 1.78 2.98 3.08 3.44 U3 2.38 2.44 88.7 65.3 58.8 48.8 $38.74
181 B e.7 10900 15.3 4.18 1.89 2.81 2.119 3.52 1.43 2.21 2.28 70.5 85.8 53.1 45.6 $38.89
2 B 7.2 13530 33.4 3.88 2.15 3.49 3.78 2.58 1.43 2.32 2.52 51.7 85.8 55.8 50.3 $34.40
114 B 7.3 10970 14.7 3.88 1.88 2.75 2.78 3.31 1.43 2.35 2.37 88.2 85.8 58.3 47.4 $38.12
143 B 7.6 10100 28.8 4.11 1.98 3.05 3.21 3.01 1.43 2.23 2.35 80.2 65.7 53.8 47.0 $38.22
147 7.1 9100 21.& 3.89 1.84 2.41 3.39 3.04 1.44 1.88 2.85 80.8 85.9 45.2 53.0 $35.17
212 e.8 10200 8.7 3.97 1.58 2.45 2.91 3.82 1.44 2.24 2.811 72.5 68.1 53.7 53.1 $39.39
14 7.5 eoeo 20.6 4.09 1.83 2.53 2.116 3.24 1.45 2.00 2..34 84.8 88." 48.1 46.8 $38.68
93 8.9 13200 25.8 4.04 1.88 2.115 2.88 3.00 1.45 2.19 2.12 80.0 88.8 52.5 42.4 $38.18
~
23 7.8 9820 24.2 4.22 1.93 3.32 2.93 3.20 1.48 2.52 2.22 84.0 ~.O 110.4 44.4 $38.45
128 8.5 8040 55.0 3.00 3.28 4.14 13.38 1.35 1.47 1.88 8.02 27.0 87.2 44.7 120.4 $26.811
160 7.1 11400 20.2 3.89 1.84 2.74 3.10 2.84 1.47 2.18 2.47 58.8 87.2 52.5 48.5 $38.04
37 7.3 eseo 22.2 4.33 1.88 3.42 3.20 3.37 1.47 2.811 2.48 87.4 87.3 83.8 49.8 $311.118
1 8.8 10000 14.3 5.53 1.72 2.33 3.21 4.74 1.47 2.00 2.75 84,8 87.5 47.8 55.0 $44.38
28 8.5 8030 21.0 4.33 1.~ 3.28 3.25 3.42 1.46 2.511 2.57 ea.4 87.7 82.2 51." $:IU8
204 8.9 11300 12.7 4.38 1.70 2.81 3.07 3.81 1.46 2.54 2.88 78.1 88.0 81.0 53.8 $41.77
13 7.7 8410 14.8 5.30 1.78 2.74 2.83 4.53 1.50 2.34 2.25 90.5 88.8 58.2 44.8 $44.82
194 8.6 8800 12.1 3.78 1.72 2.30 3.10 3.31 1.51 2.02 2.72 811.1 88.2 46.5 54.5 $37.85
134 7.2 12200 24.0 3.47 1.119 2.78 2.115 2.84 1.51 2.12 2.24 52.7 88.3 50.8 44.8 $34.87, 85 B 7.3 11120 10.5 4.05 1.70 2.58 2.58 3.82 1.52 2.31 2.31 72.5 88.7 55.4 462 $40.37
56 B 7.8 11730 20.7 3.88 1.92 2.75 3.37 3.18 1.52 2.18 2.87 83.1 88.7 52.3 53.4 $37.68
~
195 B 6.6 10400 15.0 3.30 1.82 243 3.08 2.81 1.55 2.07 2.62 56.1 70.8 48.8 52.4 $35.83
n B 7.4 10660 21.3 4.18 1.87 2.68 3.38 3.29 1.55 2.08 2.84 85.8 71.0 SO.2 lI2.9 $38.19
213 B 7.4 9400 17.5 2.811 1.88 3.03 2.78 2.47 1.55 2.50 2.28 48.3 71.0 60.0 45.5 535.54
82 B 7.5 11270 21.8 4.43 1.98 2.62 3.35 3.48 1.56 2.21 2.82 69.3 71.3 52.9 52.4 $39.51
76 B 7.5 10560 15.8 4.51 1.85 2.73 2.95 3.60 1.56 2.30 2.46 75.8 71.3 55.2 49.7 $41.53
110 B 7.1 11800 23.5 5.26 2.04 3.00 3.37 4.02 1.58 2.30 2.58 80.5 71.5 55.1 51.6 $42.88
25 B 7.3 10350 20.3 4.29 1.96 2.83 3.22 3.42 1.58 2.10 2.57 88.4 71.5 SO.3 51.3 $38.95
34 B 7.1 8970 24.1 4.73 2.06 2.68 3.54 3.!l9 1.58 2.17 2.89 718 71.8 52.1 53.7 $40.09
132 B 7.2 8420 18.8 4.30 1.88 2.75 3.22 3.58 1.58 2.29 2.88 71.8 71.8 54.8 53.8 $40.-45
73 8 7.7 10350 18.0 4.00 1.93 2.70 321 3.28 1.58 2.21 2.63 85.8 72.5 53.1 lI2.S $38.87
205 8 8.7 lI900 14.1 3.79 1.85 3.14 2.85 3.28 1.!l9 2.70 2.45 85.1 72.8 84.7 48.0 $40.!l4
6 8 7.2 10no 18.6 3.84 1.96 2.81 4.70 3.21 1.60 2.29 3.83 84.T 73.1 54.8 78.5 $38.88
215 B 6.9 8500 12.1 3.68 1.83 2.62 2.71 3.23 1.111 2.48 2.38 84.7 73.7 !l9.5 47.6 $39.83
119 B 7.8 6020 14.8 4.68 1.69 2.83 2.811 3.98 1.61 2.41 2.55 79.7 73.8 57.9 SO.9 $43.37
'SO B 6.7 12750 26.6 4.47 224 3.29 5.58 3.28 1.84 2.41 4.08 85.6 75.3 58.0 61.8 $40.18
211 B 6.9 9400 8.5 3.85 1.82 2.68 2.89 3.52 1.87 2.45 2.-46 70.5 78.3 56.9 49.2 $41.70
123 B 7.3 8710 12.7 4.53 1.91 2.55 3.04 3.95 1.67 2.23 2.85 79.1 76.4 53.4
53"1
5-43.08
103 B 7.8 11390 18.7 3.72 2.06 2.96 3.38 3.02 1.67 2.41 2.73 60.5 76.7 57.8 54.6 $39.13
71
,
63 B 7.4 11910 14.6 4.18 1.llS 2.02 8.36 3.57 1.119 1.73 7119 71.4 n.4 41.4 15a.1I S311.55
40 B 1.3 ll250 25.1 4.112 2.2e 3.28 3.75 3.46 1.119 2.48 2.81 119.2 n.5 58.0 511.2 S41.85
24 B 7.3 7140 16.9 3.95 2.08 3.10 3.48 3.28 1.73 2.58 2.88 65.6 18.2 61.11 57.11 $41.52
125 B 7.6 8250 20.1 •.08 2.18 2.S7 3.45 3.24 1.74 2.05 2.76 804.8 18.8 48.3 55.1 $311.57
2(11 B 11.2 14QOO 13.0 3.65 2.04 3.00 2.87 3.35 1.n 2.61 2.58 87.0 81.3 112.6 51.7 $42.40
118 B H 5580 21.7 4.12 2.28 2.95 3.61 3.23 1.18 2.31 2.83 84.5 82.1 55.• 56.5 $40.87
81 B 7.4 11520 15.2 4.05 2.15 2.78 3.n 3.43 1.82 2.36 3.20 8&7 83.5 58.6 83.11 $42.38
208 B 11.5 8llOO 3&.4 2.SlI 2.ll8 457 12.88 1.58 1.ll2 2.112 7.Q2 :U.5 13.5 67.6 156.•4 $34.72
120 B 7.6 7800 16.8 4.43 2.32 322 3.40 3.89 1.113 2.89 2.84 T3JI 86.8 84.5 56.7 $45.116
Average 7:1. 10001 22.1 3." 1.75 2.17 3.82 U. 1.33 2.04 2.15 11.1 11.0 41.0 au moo
MAX 1.5 11700 80.0 5.53 3.21 4.57 14.47 4.74 1.13 2.12 1.20 ..... 11.8 17.1 taU .....
MIN U 681 7:1. 0.72 0.06 0.12 0.11 O.M 0.01 O.U 0.1' 10.' 2.1 2.7 U SUI
STDDEV 0.4 2322 U 0.72 0.37 D.53 2.31 O.at 0.27 0.41 1.2t 13.1 12:1. t.' 25.2 $1.24
OBSERVATIONS· A •
MEAN·. 7.3 1411 30.1 :sA2 1.10 2.30 4.AO 2.13 1.01 1.17 2.11 12.' .1.1 37.7 13.1 W.A
STDEV·A G.5 2115 13.% G.10 0.31 G.21 3M G.'2 0.04 OOU 1.21 12.3 1.1 1.7 21.1 14.01
OBSERVATIONS· B rT
MEAN·B 1.2 10403 U.4 3.15 1.1.. 2.17 3.11 2.11 1.22 1.11 2.11 A.' 11.1 "7.' 11.2 $33.:10
STDEV·B U 2172 I .• 0.11 OOU 0.31 3.01 0,11 0.04 0.22 1.11 13A 1.7 1.2 • .2 13.11
OBSERVATIONS· C 30
MEAN·C 1.2 10lIl 21.1 ".1" 1.70 2.72 2.11 30U t.32 2.12 2.27 14.1 10.7 10.' ..11.3 $31.1•
STOEV·C 0.3 1171 .... 0.50 0.11 0.34 0.30 0.43 0.04 0.22 0.20 '.1 1.1 IA U 82....
OBSERVATIONS·D 30
MEAN·D 7.3 10310 21A ".01 1.81 2.71 UI 30U 1M 2.17 2.84 14.' HA 52.1 12.1 137.30
STDEV·D OA 1m '.1 OM 0.33 GAZ 2.2. 0.84 0.04 0.21 UI 12.1 1.7 '.1 17.0 82.14
OBSERVATIONS· E 16
MEAN ·E 7.2 "70 11.1 4.15 1.14 2.12 3.31 UI 1.11 2.31 2.72 17.1 72A 11.1 54A 821.74
STDEV·E 0.3 1510 ".7 O.N 0.11 0.21 0.7' 0.3. O.ll4 0.11 0.50 7.' 1.1 4.2 I.' 82.11
'ranking based on P205. IbIlDn 'as-ls'
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Derawarv County Litter Test Results Ranked by Pomuium·
No. Type pH EC H2O TN TP 1K ca TN TP 1K ca TN P205 l<2O ca Eal Prk:e
'" '" on Dry w.lgh' 8IQ '" on -Aa4- Bu. IbIton on ·u'-· Ilea. pel'tIOIl
105 B 5.8 lI88 7.2 2.85 O.llS 0.12 0.111 2.48 O.llS 0.11 0.18 411.2 2.8 2.7 3.5 $13.21
lllS B 8.2 4350 24.5 0.72 0.71 0.78 4.83 0.54 0.58 O.SIl 3.72 10.11 28.8 14.1 74,4 $10.18
75 B 7.5 2580 24.4 1.35 0.32 0.82 0.12 1.02 0.24 0.82 0.82 20.4 11.1 14.11 12.4 $11.55
115 B 7.4 101180 lIO'.O 3.71 2.52 2.85 12.81 1.51 1.01 1.llS 15.18 30.2 48.2 25.4 103,3 . $20.511
70 B 7.5 nllO 50.8 2.27 1.81 2.17 8.18 1.12 0.711 1.07 4.01 22.3 38.3 25.8 lIO.3 : $18.e8
84 B 7.8 lI800 48.5 3.88 2.72 2.35 10.21 1.88 1.40 1.23 5.28 37.7 84.2 2II.S 105.2 $28.88
88 B 7.8 8420 31.8 2.88 1.411 1.84 8.28 1.83 1.02 1.32 4.28 38.8 48.S 31.11 85.7 $23.21
as B 7.1 102110 28.8 4.03 1.111 1.81 2.08 2.117 0.84 1.38 1.47 57.4 38.S 32.11 211.3 $28.94
117 B 8.4 103110 34.1 5.21 1.44 2.12 2.37 3.43 0.115 1.40 1.58 811.7 43.5 33.5 31.2 $30.119
11158 27.5 4.98 1.35 2.07 2.28 3.lIO 0.98 1.SO 1.84 71.11 44.11 38.0 32.8
.'
$32.35112 B 8.11
81 B 7.0 10050 33.4 4.57 1.38 2.30 2.111 3.04 0.112 1.53 1.48 eo.1I 42.1 38.8 211.2 $28.15
IHlDJIf!.A
138 B 8.3 14270 34.1 3.94 1.81 2.38 4.54 2.80 1.08 1.57 2.911 51.11 48.8 37.8 SIl.8 $28.35
71 B 7.3 7380 14.2 3.35 1.30 1.88 2.23 2.117 1.12 1.80 1.111 57.5 51.1 38.3 38.3 $30.33
88 B 8.2 7850 24.2 2.24 1.81 2.11 11.34 1.70 1.22 1.eo 7.08 34.0 SS.II 38.4 141.8 $25.43
109 B 7.2 16270 48.3 2.93 2.28 3.10 14.47 1.51 1.18 l.eo 7.48 30.3 54.0 38.5 1411.8 $24.14
98 B 7.2 10080 21.4 4.75 1.711 2.08 3.03 3.73 1.41 1.83 2.38 74.7 84,4 311.2 47.8 $37.44
183 B 7.0 9100 21.3 4.38 1.58 2.10 3.17 3.45 1.24 1.85 2.411 88.11 57.0 311.7 411.11 $34.58
171 B 7.4 12420 55.2 2.08 1.93 3.70 11.42 0.93 0.88 1.811 5.12 18.8 311.11 311.8 102.3 $18.55
84 B 7.2 122SO 37.3 4.83 1.84 2.85 4.06 3.03 1.03 1.88 2.55 80.8 47.1 39.9 SO.II $30.54
88 B 7.4 9750 28.3 4.73 1.44 2.211 2.20 3.411 1.llS 1.811 1.82 89.7 48.11 40.3 32." $33.20
18 B 7.9 84llO 25.8 3.59 1.47 2.27 2.88 2.87 1.09 1.89 1.911 53.4 SO.l 40.5 311.11 $29.45
83 B 7.4 9910 14.8 4.18 1.98 2.02 9.38 3.57 1.89 1.73 7.911 71.4 71.4 41.4 lS1l.11 $311.55
!i8IWl!..B.
45 B 7.8 8630 27.5 4."9 1.35 2.40 2.13 3.28 0.98 1.74 1.54 85.1 44.11 41.11 30.11 $31.51
SIl B 7.9 9130 18.2 2.84 1.40 2.08 11.78 2.38 1.17 1.74 11.20 47.8 53.7 41.8 183.9 $28.92
97 B 8.7 10850 27.6 4.23 1.54 2.43 2.47 3.08 1.11 1.78 1.79 81.3 51.1 42.2 35.8 $31.88
104 B 8.9 10990 25.1 3.80 1.81 2.35 3.13 2.85 1.38 1.78 2.34 58.9 82.1 42.2 48.11 $32.89
208 B 8.8 14300 47.7 3.83 2.24 3.37 9.03 1.90 1.17 1.78 4.72 38.0 53.7 42.3 94.S $28.57
80 7.8 10370 28.9 4.30 1.75 2.42 2.74 3.14 1.28 1.71 2.00 82.9 58.8 42.5 40.1 $33.80
90 7.1 13380 32.2 4.38 1.79 2.82 2.83 2.97 1.21 1.78 1.112 SIl.4 55.8 42.8 38.4 $32.38
94 7.0 11880 22.8 4.52 1.88 2.31 2.88 3.49 1.28 1.78 2.05 89.8 58.7 42.8 41.1 $35.81
15 7.6 8410 18.7 3.22 1.35 2.23 2.25 2.82 1.10 1.81 1.83 82,4 SO.3 43.5 38.8 $29.1l7
89 7.1 10590 2fl.O 5.20 1.88 2.45 2.94 3.85 1.311 1.81 2.111 71.0 83.7 43.5 43.5 $311.51
158 7.0 B980 15.8 4.08 1.48 2.18 2.811 3.43 1.25 1.84 2.28 811.8 57.2 44.2 45.2 $35.20
128 8.5 llO4O 55.0 3.00 3.28 4.14 13.38 1.35 1.47 1.88 11.02 27.0 87.2 44.7 120." '28.119
208 8.8 10300 12.5 3.45 1.33 2.15 2.82 3.02 1.18 1.88 2.47 eo.4 53.3 45.2 48.4 '32.153
147 7.1 9100 21.8 3.89 1.84 2.41 3.39 3.04 1.44 1.88 2.85 eo.ll 85.9 45.2 53.0 $315.17
187 8.7 9000 22.1 3.71 1.25 2.43 2.30 2.89 0.97 1.89 1.711 57.11 44.8 45.4 3U $30.111
74 7.5 11040 22.1 3.75 1.83 2.44 2.118 2.92 1.27 1.90 2.32 58." 58.2 45.11 48." '33.011
148 7.1 10120 2".9 4.39 1.87 2.SS 2.87 3.30 1.25 1.92 2.01 85.11 57.4 48.0 40.1 '34.1l7,
~
93 B 7.2 10550 22.2 4.32 1.87 2.49 2.87 3.38 1.30 1.94 2.06 87.2 59.5 48.5 41.5 '35.68
98 B 7.4 10170 19.8 3.78 1.85 2.43 2.87 3.02 1.32 1.95 2.14 80.3 80.8 48.8 42.8 '34.21
55 B 7.7 9810 22.8 4.00 1.81 2.52. 2.118 3.10 1.40 1.95 2.29 81.11 84.2 48.8 48.8 $35.33
108 B 7.5 10240 19.9 3.79 1.SO 2.45 2.28 3.04 1.20 1.98 1.83 80.7 55.0 47.1 38.5 $33.25
198 B 8.5 9700 17.0 3.79 1.80 2.38 2.98 3.15 1.33 1.98 2.47 82.9 80.8 47.4 ..95 '35.00
111 B 7.5 10280 27.3 3.24 1.72 2.72 2.82 2.38 1.25 1.118 1.90 47.1 57.3 47.5 38.1 $30.35
67 B 7.5 10040 17.3 4.00 1.59 2.41 2.911 3.31 1.31 1.911 2.47 88.2 80.2 47.8 49.5 $35.78
1 B 8.9 ooסס1 14.3 5.53 1.72 2.33 3.21 4.74 1.47 2.00 2.75 94.8 87.5 47.9 55.0 144.311
14 B 7.5 8080 20.8 4.09 1.83 2.53 2.98 3.24 1.45 2.00 2.34 84.8 88.4 48.1 48.9 $38.89
187 B 8.9 9llOO 20.3 4.35 1.80 2.52 2.54 3.47 1.28 2.01 2.02 89.3 58.4 48.2 40.5 $38.25
107 B 7.1 11390 20.3 4.21 1.75 2.52 2.94 3.38 1.39 2.01 2.34 87.1 83.9 48.2 48.11 $36.78
188 B 7.0 10300 18.9 4.30 1.51 2.49 2.27 3.49 1.22 2.02 1.84 89.7 58.1 48.5 38.8 $35.92
194 B 8.8 9800 12.1 3.76 1.72 2.30 3.10 3.31 1.51 2.02 2.72 88.1 89.2 48.5 54.5 $37.85
214 B 7.1 9000 15.3 3.48 1.41 2.39 2.40 2.93 1.19 2.02 2.03 58.8 54.7 48.6 40.7 $32.88
113 B 7.1 12000 20.8 4.13 1.71 2.58 2.43 3.28 1.41 2.03 1.93 85.6 84.4 48.8 38.6 $36.59
188 B 8.8 12400 31.5 3.81 1.78 2.98 3.37 2.61 1.21 2.04 2.31 52.2 55.2 49.0 48.2 $31.44
165 B 6.9 9800 28.5 4.55 1.82 2.78 2.78 3.34 1.19 2.04 2.03 88.9 54.5 49.0 40.6 $34.98
ln B 7.1 11800 24.0 3.29 1.71 2.89 2.82 2.50 1.30 2.04 2.14 SO.O 59.5 49.1 42.9 $31.n
179 B 6.8 11300 22.9 4.03 1.59 2.88 2.48 3.11 1.23 2.05 1.90 821 58.1 49.2 37.9 $34.15
189 B 6.4 12700 32.3 3.88 1.85 3.03 3.20 2.49 1.25 2.05 2.17 49.6 57.4 49.2 43.3 '31.31
125 B 7.6 6250 20.1 4.08 2.18 2.57 3.45 3.24 1.74 2.05 2.78 604.9 79.8 49.3 55.1 $39.57
73
43 7.9 4870 24.5 4.84 1.51 2.12 2.30 3.M 1.14 2.05 1.74 73.1 52.2 411.3 SoC.7 $38.11
184 11.2 15700 37.4 433 2.00 3.N 3.21 2.71 1.25 2.08 2.01 I 54.2 57.3 411.• 40.2 532.44
1115 8.8 10400 15.0 3.30 1.82 2.43 3.08 2.81 1.55 2.07 2.82 M.l 70.11 411.11 52.4 535.83
210 11.8 7lIOO 8.4 3.55 1.25 2.27 2.48 3.25 1.15 2.08 2.27 M.O 52.4 411.11 45,4 $34.23
102 7.4 101180 15.0 4.04 1.48 2.45 2.81 3.43 1.28 2.08 2.22 88.7 57.8 50.0 ...... $38.UI
100 7.2 114110 20.2 4.22 1.58 2.111 2.92 3.37 1.24 2.08 2.33 81.4 57.0 50.0 4&11 535.7"
1118 u 10700 24.4 3.87 1.75 2.78 3.01 2.n 1.32 2.08 2.28 55.5 eo.ll 50.1 45.5 $33.50
88 7.0 11800 25.2 4.28 1.74 2.711 2.88 3.111 1.30 2.011 2.01 83.7 !le.8 50.1 40.2 535.37
n 7.4 108El0 21.3 ' 4.18 1:117 2.88 3.38 3.211 1.55 2.011 2.84 85.8 71.0 50.2 52.11 538.19
25 7.3 10350 20.3 4.29 1.1111 2.83 3.22 3.42 1.158 2.10 2.57 118.4 71.5 50.3 51.3 538.95
153 7.2 10850 22.1 3.78 1.74 2.70 3.1,11 2.IM 1.38 2.10 2.411 58.8 82.1 50.5 411.7 $34.71
99 7.4 11250 18.8 4.34 1.84 2.53 2.411 3.151 1.38 2.10 2.07 72.2 82.5 50.5 41.4 538.13
135 72 10850 17.3 4.011 1.12 2.58 2.59 3.311 1.42 2.12 2.14 87.11 85.1 50.8 42.8 537.58
134 72 12200 24.0 3.47 1.99 2.711 2.115 2.84 1.51 2.12 2.24 52.7 88.3 50.11 44.8 534.117
101 7.3 11930 172 4.38 1.87 2,57 2.59 3.111 1.38 2.13 2.14 72.2 83.3 51.1 42.11 $38.38
112 72 11840 18.3 4.08 1.85 2.82 2.112 3.33 1.35 2.14 2.311 118.7 81.7 51.4 47.7 $38.72
IJBDlJI!.D.
34 B 7.1 8970 24.1 4.73 2.08 2.86 3.54 3.511 1.511 2.17 2.llII 71.8 71.8 52.1 53.7 $40.09
511 B 7.8 11730 20.7 3.1111 1.112 2.75 3.37 3.18 1.52 2.18 2.87 83.1 88.7 52.3 5304 $37.58
178 B 8.11 11200 17.8 3.78 1.72 2.85 2.75 3.11 1.42 2.18 2.27 82.3 84.11 52.4 45.3 538.42
leo B 7.1 11400 202 3.89 1.84 2.74 3.10 2.94 1.47 2.111 2.47 58.11 87.2 52.5 411.5 $38.04
175 B 7.3 10800 1&.0 5.22 1.58 2.70 2.88 4.23 1.28 2.111 2.17 84.11 57.11 52.5 43.4 $40.59
93 B 11.11 13200 25.8 4.04 1.1111 2.85 2.88 3.00 1.45 2.111 2.12 50.0 1Ill.1I 52.5 42.4 $38.19
eo B 7.3 12011O 19.8 3.88 1.70 2.73 3.23 2.94 1.38 2.111 2.511 58.7 82.4 52.5 51.1 535.05
72 B 7.4 101eo 20.9 4.23 1.74 2.78 3.12 3.35 1.38 2.20 2.47 88.11 83.0 52.8 411.4 537.25
82 B 7.5 11270 21.8 4.43 1.99 2.82 3.35 3.411 1.511 2.21 2.82 llII.3 71.3 52.11 52.4 539.51
181 B 8.7 10900 15.3 4.18 1.89 2.81 2.119 3.52 1.43 2.21 2.28 70.5 85.11 53.1 45.8 $38.89
73 B 7.7 10350 18.0 4.00 1.113 2.70 321 3.28 1.511 2.21 2.83 85.8 72.5 53.1 52.8 538.87
44 B 7.4 8120 30.3 3.89 1.80 3.111 2.98 2.57 1.25 2.22 2.08 51.4 57.5 53.4 41.5 532.38
123 B 7.3 8710 12.7 4.53 1.111 2.55 3.04 3.115 1.87 2.23 2.85 711.1 78.4 53.4 53.1 $43.08
155 B 7.0 10880 19.8 5.33 1.58 2.n 2.83 4.211 1.25 2.23 2.11 85.7 57.4 53.4 42.3 $40.93
143 B 7.11 10100 211.8 4.11 1.1111 3.05 3.21 3.01 1.43 2.23 2.35 50.2 85.7 53.8 47.0 538.22
212 B 8.8 10200 8.7 3.97 1.58 2.45 2.91 3.82 1.44 2.24 2.88 72.5 1Ill.1 53.7 53.1 5311.311
173 B 7.1 10800 18.8 5.17 1.47 2.71 2.31 4.30 1.22 2.25 1.112 88.0 58.0 54.1 38.4 $40.83
149 B 7.5 12080 32.7 3.eo 1.88 3.38 329 2.42 1.27 2.28 2.21 48.5 57.11 54.3 44.3 531.84
38 B 7.0 8110 19.8 4.49 1.eo 2.82 2.44 3.80 128 2.28 1.1111 72.0 58.8 54.3 39.1 537.110
3 B 7.1 9810 21.9 3.611 1.81 2.90 3.40 2.88 1.41 2.28 2.118 57.8 84.7 54.4 53.1 535.51
8 B 7.2 lana 18.6 3.94 1.1111 2.81 4.70 3.21 1.eo 2.29 3.83 84.1 73.1 54.11 78.5 $38.88
132 B 7.2 8420 18.8 4.30 1.18 2.75 3.22 3.58 1.511 2.211 2.118 71.8 71.8 54.11 53.8 $40.45
110 B 7.1 11800 23.5 5.28 2.04 3.00 3.37 4.02 1.1Ill 2.30 2.58 80.5 71.5 55.1 !11.8 $42.88
78 B 7.5 105110 15.8 4.51 1.85 2.73 2.115 3.80 1.58 2.30 2.48 75.11 71.3 55.2 411.7 $41.53
141 B 7.6 11300 21.4 3.89 1.80 2.93 2.97 3.08 1.41 2.30 2.33 81.2 84.8 55.3 48.7 538.64
85 B 7.3 11120 10.5 4.05 1.70 2.58 2.58 3.82 1.52 2.31 2.31 72.5 811.7 55.4 48.2 $40.37
118 B 7.4 5580 21.7 4.12 229 2.95 3.81 3.23 1.711 2.31 2.83 84.5 82.1 55.4 58.11 $40.87
2 B 7.2 13530 33.4 3.88 2.15 3049 3.78 2.58 1.43 2.32 2.52 51.7 85.11 55.8 50.3 534.40
157 B 7.1 10010 102 4.35 1.58 2.50 3.08 3.tn 1.42 2.33 2.n 78.1 85.0 58.0 55.3 $40.113, 13 B 7.7 8410 14.6 5.30 1.76 2.74 2.63 4.53 1.50 2.34 2.25 90.5 118.8 58.2 44.11 $44.82
114 B 7.3 10970 14.7 3.88 1.88 2.75 2.78 3.31 1.43 2.35 2.37 88.2 85.11 58.3 47.4 538.12
/JBJlJJ/!.E.
48 B 7.3 8120 20.5 4.50 1.84 2.96 2.83 3.58 1.30 2.35 2.25 71.8 511.7 58.5 45.0 538.30
48 B 7.4 7390 23.3 3.115 1.89 3.07 2.75 3.03 1.30 2.35 2.11 60.8 &11.4 58.5 42.2 535.50
61 B 7.4 11520 15.2 4.05 2.15 2.78 3.n 3.43 1.82 2.38 3.20 88.7 83.5 58.8 63.9 $42.36
183 B 6.3 15700 34.5 4.24 2.01 3.60 4.01 2.711 1.32 2.38 2.83 55.5 eo.3 511.6 52.5 534.43
32 B 7.3 8170 20.3 4.31 1.79 2.96 3.08 3.44 1.43 2.38 2.44 88.7 85.3 58.8 48.8 538.74
4 B 7.5 8350 15.3 3.96 1.84 2.81 2.90 3.37 1.39 2.38 2.48 117.4 83.8 57.1 49.1 538.15
49 B 7.7 7460 2!>.5 4.23 1.89 3.21 3.10 3.15 1.28 2.39 2.31 63.0 57.7 57.4 48.2 $35.90
103 B 7.8 11390 18.7 3.72 2.08 2.96 3.38 3.02 1.67 2.41 2.73 eo.!> 76.7 57.6 54.8 539.13
119 B 7.8 llO2O 14.8 4.88 1.89 2.83 2.99 3.99 1.81 2.41 2.55 79.7 73.8 57.9 50.11 $43.37
133 B 7.7 9110 24.8 3.38 1.81 3.2.1 2.98 2.54 1.36 2.41 2.24 50.8 62.3 57.9 44.8 533.87
150 B 6.7 12750 26.6 4.47 2.24 329 5.56 3.28 1.84 2.41 4.08 85.8 75.3 58.0 al.8 $40.18
170 B 6.5 13300 13.1 3.82 1.49 2.78 3.02 3.32 129 2.42 2.62 88.4 59.3 58.0 52.5 537.18
211 B 6.9 ll400 8.5 3.85 1.82 2.68 2.89 3.52 1.87 2.45 2.48 70.5 78.3 58.9 49.2 $41.70
40 B 7.3 9250 25.1 4.82 2.28 3.28 3.75 3.46 1.89 2.48 2.81 89.2 n,5 511.0 58.2 $41.85
38 B 7.8 7880 23.3 3.99 1.80 3.21 2.94 3.06 1.23 2.46 2.25 81.2 58.2 511.1 45.1 $35.41
215 B 8.9 8500 12.1 3.88 1.83 2.82 2.71 3.23 1.61 2,46 2.38 84.7 73.7 511.5 47.8 539.83
213 B 7.4 ll400 17.5 2.99 1.88 3.03 2.76 2.47 1.55 2.50 2.28 49.3 71.0 60.0 45.5 $35.54
23 B 7.8 9820 24.2 4.22 1.93 3.32 2.93 3.20 1.48 2.52 2.22 84.0 67.0 eo.4 44.4 538.45
204 B 8.9 11300 12.7 4.38 1.70 2.91 3.07 3.81 1.48 2.54 2.88 76.1 88.0 61.0 53.8 $41.77
74
,
24 B 7.3 7140 15.9 3.85 2.0ll 3.10 3.48 3.28 1.73 2.58 2.89 55.6 711.2 51.8 57.81 $41.52
2tl B 6.5 llO3O 21.0 4.33 1.87 3.28 3.25 3.42 1.48 2.58 2.57 88,4 67.7 62..2 51.4 S3Ue
2f11 B 8.2 14000 13.0 3.85 2.04 3.00 2.117 3.35 1.n 2.61 2.58 67.0 11.3 82.6 51.7 $42.40
37 B 7.3 9580 22.2 4.33 1.89 3.42 3.20 3.37 1,47 2.68 2.49 17,4 67.3 S3.11 49.1 S3~.89
120 B 7.8 7800 18.1 4.43 2.32 3.22 3.40 3.89 1.93 2.89 2.64 13.9 18.6 64.5 58.7 $45.86
2O!i B 8.7 9900 14.1 3.79 1.85 3.14 2.85 3.28 1.59 2.70 2.45 55.1 72.1 84.7 411.0 $40.54
42 B 7.4 8800 22.1 5.28 1.72 3.51 3.01 4.0Il 1.33 2.72 2.33 11.7 61.0 55.2 46.1 $42.41
209 B 8.5 B900 38.4 2.58 2.96 4.57 12.68 1.58 1.82 2.82 7.92 31.5 13.5 67.1 158.4 534.72
Avenge 7.2 10001 22.9 3.19 1.75 2.17 3.62 3.09 1.33 2.04 2,65 11.1 11.0 41.0 a.o $31.00
MAX 1.5 15700 10.0 s.a 3.21 4.57 , ......7 ....74 1.93 2.12 '.20 M' .... 17.' 113.' $45.11
MIN 1.2 661 7.2 0.72 0.01 0.12 0.19 0..54 0.01 0.11 G.1' 10.9 2.1 2.7 3.5 SUS
STtl DEY OA 2322 9.4 0.72 0.37 0.13 2.3. 0.19 0.27 0••' 1.21 13.' 12.2 9.9 25.2 SI.24
OBSERVAnoNS ·A 11
MEAN·" 7'" 10502 21.3 3.73 1.11 2.41 6.01 2.11 1.1' 1.14 3.N 113.7 14.0 31.4 71.3 $30.14
Sll)£V·" 0..& 3024 13.2 O.N 0.21 0.55 4.31 0.13 an 0.05 2.47 ".1 10.0 1.1 49.3 $1.01
OBSERVAnoNS • B 17
MEAN·B 7.2 10122 21.2 3-" t,72 2.113 ..13 2.11 1.23 1.12 U3 11.2 11.2 43.' .... $32-'4
SroEV ·8 0.5 2020 10.1 0.11 0.47 0.110 327 0.10 0.14 0.01 1.10 11.1 1.5 1.6 35.1 13."
OBSERVAnONS - c 37
MEAN·C 7.1 10491 20.1 ..03 1.70 2.110 U3 3." 1.34 2.04 2.23 13.7 11.1 41.1 44.7 S31."
SroEV-C 0.4 1111 U 0.44 0.11 0.21 0.33 0.43 0.13 0.05 0.27 1.11 1.1 1.3 11.4 $2."
OBSERVAnONS ·0 31
MEAN·D 7.3 10353 1••• 4.2. 1.12 2.12 3.01 3.A2 1.44 2.21 2.47 ".4 ".11 64.0 48.4 $31.11
SroEV ·0 0.3 1740 '.0 0.13 0.11 on 0.... 0.13 0.13 0.01 0"'1 lG.7 1.0 1.3 7.D $3.02
OBSERVAnONS • E 21
MEAN·E 7.2 11114 111.7 4.01 1.11 3.01 3.23 3.21 1.41 2.44 UI ".1 ".3 ".5 11.1 $31.71
SroEV-E 0.1 2371 • .2 0.41 0.21 0.23 0.81 0.37 0." 0.07 0.43 7.3 '.1 1.1 '.7 $2.12
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